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Deputy Minister of Mines. 

Str,—I have the honour of transmitting, herewith, a mono- 
graph on the Geology and Physics of Niagara Falls, begun and 
extended under a commission from Dr. Robert Bell, Acting 
Deputy Head and Director of the Geological Survey, and later 
continued by yourself. 


I have the honour to be, 
Your obedient servant, 


J. W. SPENCER. 


December, 1907. 


vil 


Ropmmr Dine, 5.0.5 MD. D.Se., F.R:S., 
Chief Geologist. 


Str,—I have had the honour of transmitting to you a report 
on and map of Recession-lines of Niagara Falls, for your Sum- 
mary Report for 1905; also most of the maps and illustrations 
for the monograph which was begun in June, 1905, under com- 
misson from you, as Acting Deputy Head and Director of the 
Geological Survey of Canada. The commission was further 
extended by you in consequence of unexpected discoveries of 
most important facts. The field work is completed, except an 
attempt to sound under the Falls themselves, and the general 
verification on the ground, which will be done after the draft 
of the report has been written; this last, I hope, will be ready 


next month. 


I have the honour to be, 
Your obedient servant, 


J. W. SPENCER. 
May, 1906. 
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PREFACE 


Niagara and its history are so familiar, that most people 
naturally conclude that almost everything concerning the Falls 
has already been made known, so that additional work suggests 
little more than a re-description or essay writing. Among the 
various contributions to the literature, only a few, in number, 
bear upon the geological aspect, and fewer still have made addi- 
tions to our knowledge of the subject. Yet such contributions, 
as will be seen from many necessary discoveries announced in 
this book, formed chapters too incomplete upon which to estab- 
lish the science of the Falls. This statement applies not only to 
their geological, but also to their physical aspect. Thus, while 
the volume of the river had been measured for power purposes, 
some of the most important problems in its physics had not been 
elucidated by the engineer—not merely those bearing on the 
future of the Falls, but even that of the mean discharge given. 
The recession of the Falls through the different strata is the 
ordinary limit of research required of the geologist. But the 
changes, in the volume and currents of the river, in the height 
of the Falls, and in the effects of the buried valleys, determined 
by causes acting far from the great cataract, opened a new field 
of investigation, as did also the application of more precise 
methods of research than were formerly followed, so that the 
Falls of Niagara have given rise to a chapter in science, belong- 
ing entirely to themselves, which had not hitherto been under- 
stood, and which could not have been interpreted by any outside 
standard. 

Four surveys of the crest-line of the receding Falls had been 
made, with considerable intervals between them. The last pub- 
lished one was made in 1890; but none had been undertaken by 


Canadian authorities. As the diversion of power at Niagara 
X1 
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was attracting attention, and as such would change the reces- 
sion, Dr. Robert Bell, Acting Deputy Minister and Director of 
the Geological Survey of Canada, saw the necessity for prompt 
action, as the operations in progress were tending to alter the 
natural conditions, so that the last opportunity was passing by. 
Moreover, observations made by the engineers of the power com- 
panies might be of value, which would be lost when these corps 
should be disbanded. 

Under these conditions, and finding that I had already com- 
menced such a work, on my own account, by a survey of the 
crest-line, in October, 1904, Dr. Bell commissioned me to pre- 
pare a ‘complete monograph’ upon the science of the Falls, as 
he had been aware of my previous contributions to this subject. 
These had already been published in a report of the Hon. 
Andrew H. Green,* who had been instrumental in having the 
Niagara Falls Park, on the New York side, established, after 
Lord Dufferin had proposed a similar Park on the Canadian 
side. 

It was this Mr. Green who originated the Deep Waterways 
Commission, for the protection of the Falls. In this connection, 
it may be said that I represented Mr. Green in some of his nego- 
tiations with the late Secretary Hay, who also was much inter- 
ested in Niagara Falls. Indeed, Mr. Green was especially 
desirous that I should make just such a survey as has now been 
earried out under Dr. Bell. 

Upon Mr. Low succeeding to the directorate, he extended 
the commission to a date that [ had supposed would be sufti- 
cient, which however proved not to be the case, so that the work 
was completed by myself con amore, and the Geological Survey 
has now the use of it under arrangements effected by Mr. Low. 

The commission was commenced in June, 1905, and the 
field work was carried on until February, 1906. This was due 


to the mild winter, for even on January 25, 1906, the farmers 


* Dleventh Rept. Com. State, Niag. Falls, 1895. 
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were ploughing. After having the report well advanced, its 
complex character demanded a revision in the field, to which I 
returned for several weeks, leaving it on October 26, 1906. 

The new investigations under the survey were by:—(1) 
Soundings at all the changing points of the gorge, even under 
Niagara falls themselves, and in the Whirlpool; (2) Borings 
to ascertain the character of the buried channel beds, over which 
the river afterwards flowed; (3) Instrumental surveys of the 
old river banks and the position of the strata; (4) Investiga- 
tions of lake fluctuations, based upon the daily records for fifty 
years, as to their bearing upon the stability of the earth’s crust, 
the lowering of the lake outlets and of the lakes themselves, and 
as to new results of the discharges of the rivers—all of these 
modified by (5) Meteorological changes. The future effects on 
Niagara falls and upper lakes by the diversion of the water at 
the Falls have been ascertained. The recession of the Falls, from 
their birth to the present day, and for the future, has been deter- 
mined, as well as their age. The existence of an ancient Erie 
outlet some miles to the west, not hitherto suspected, is a most 
important discovery in the history of the changes in the lake 
region. The International Boundary Line, showing the greater 
Falls to be in Canada, has been laid down on the map. 

Besides the other scientific results, features bearing on In- 
ternational questions have arisen in connection with the effects 
of the draining of the Falls at the International Boundary, and 
the lowering of the lakes by power diversions, as also the owner- 
ship of the water rights of Niagara falls. Even the establish- 
ment of the Boundary Line at the falls comes to be a geological 
question, and not merely one of ordinary surveying. 

It is only proper that the investigations should have been 
made under the Geological Survey of Canada, as most of the 
features revealing the history of Niagara falls lie in the Domin- 
ion. References and records have been added in the appendices 


to complete the work. 
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It would be unjust, here, not to pay tribute to the memory 
of the late Prof. J. P. Lesley, who first saw the value of my 
earliest. observations bearing on Niagara falls, and through 
whose enthusiastic encouragement alone I was led to develop 
my researches along lines laid down and approved by him, thus 
forming a new chapter in the science, as he said, which has been 
the foundation of the present work. 

The best collection of publications on Niagara falls is that 
of the Hon. Peter A. Porter, of Buffalo, who possesses many 
very old volumes. The bibliography has been omitted from this 
work, as much the greater part lies entirely outside of this sub- 
ject, but it may be found in the rare publications of the Com- 
missioners of the State Reservation of Niagara Falls, New 


York. 
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ORIGIN OF THE NAME ‘ NIAGARA.’ 


The region was once occupied by a large tribe of Indians of 
which the name is not now known. In the early seventeenth 
century they were called ‘ the Neutrals’ (as between the Hurons 
and the Iroquois), but about the middle of that century 
they were exterminated by the Iroquois after the defeat of the 
Hurons. Only one word of their language remains. It is 
Onghiara, the name of the falls and river below, which name 
was adopted by the Indians who afterwards peopled the district. 
The name became modified to Niagara with the accent on the 
penult (Niagara). and it was so pronounced at the beginning 
of the nineteenth century. (For a fuller account see p. 469). 
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CHAPTER I. 


PARTIAL SUMMARY. 


The International Boundary Line at Niagara falls was deter- 
mined by the signed map of the Commission of that time 
(1819). At one point this line is found within 235 feet of Goat 
island, thus throwing the whole of the great crescent of the falls 
within Canadian territory, while only the turn beyond the 
crescent, trending to Goat island, belongs to New York. Here 
the cataract is now often reduced to mere strings of water. The 
withdrawal of the water for power purposes threatens to leave 
exposed a strip of rock belonging to Canada, now covered by the 
rapids, on the eastern side of the falls. The quantity of water 
falling over this end adjacent to Goat island is too small a fac- 
tor in the whole volume to be considered. But the volume flow- 
ing down the American falls is approximately seven per 
cent of the whole. (See Chapters u. and mr.) The propor- 
tion of the discharge at the rocky rim, which determines 
the flow of water down the Upper rapids, gives to Canada 75 to 
80 per cent of the total discharge of the river. (See Chapter 
xx.) 

The recession of the falls between 1842 and 1905 was 285 
feet at the centre of the apex, or a mean retreat for the full 
width of the gorge of 265 feet. Nearly seven and three-quarter 
acres of the rocky floor of the Upper rapids fell during that 
time. The retreat takes place by rapid central recession fol- 
lowed by a cessation of the same with a rapid lateral enlarge- 
ment. Thus for twenty years there has been no apparently 


measurable central retreat. The mean recession has been found 
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2 FALLS OF NIAGARA oe 
to be 4-2 feet per year, but during the last fifteen years this has 
been greatly reduced. The discovery of the position of Hen- 
nepin falls in 1678 shows that this rate has prevailed since 
then. The length of the Canadian falls was 2,950 feet in 
1900, but from this 415 feet have been taken by the curtail- 
ment on the Canadian side. The recession of the American 
falls is only at the rate of 0-60 foot a year. (See Chapter 11.) 
Its length including Luna island is about 1,000 feet. 

The height of Niagara falls on the Canadian side is 158 
feet, and 175 feet in the centre. The descent from the rim of 
Greens or First cascade to the edge is fifty-five feet, after the 
river has descended fourteen feet from Lake Erie. The height 
from the rim across the river to the cauldron below is 212 
feet. This is the gross head of water in relationship to 
the horse-power of those companies that take the water 
from above the Upper rapids, while for those below it is 
only about 160 feet. This feature is most important when 
considered in its connexion with the effects on the falls, or the 
results that will arise from the diversion of water by the power 
companies, as well as the relative quantity of water used. For 
other features, and the slope of the river see Chapter 1v. The 
total descent of the river from lake to lake is 326-58 feet (mean 
of fluctuations from 1891 to 1905). 

The new sounding off the Goat island shelf at 192 feet 
reaches to ninety-two feet below the level of Lake Ontario. 
This depth is found near the head of the Whirlpool 
rapids, a mile and a-half below, but under the falls the 
depth is only seventy-two feet (to fallen rocks), with a 
shelf beyond at eighty-four feet or a little more. At the 
Cantilever bridge the depth is eighty-five feet, but the channel 
is refilled to a further depth of a hundred feet. At the Whirl- 
pool, which is fifty-one feet below the head of the rapids, the 
depth before reaching the middle of the river was found to be 
126 feet, or about fourteen feet less than in the river 
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above. Below the Whirlpool it is considerably less, as 
also is the case below Foster flats. But near the end of the 
canon a drowned cataract was brought to light where the river 
within the gorge rapidly deepens from fifty-three feet to nearly 
150 feet below Lake Ontario level. The narrow channel as deep 
as 183 feet was also found a third of a mile beyond the mouth 
of the gorge, although it has generally been silted to a much 
less depth: (See Chapter v.) 

The rock structure and the excavating power of Niagara 
falls are treated in Chapter vir., and the characteristics of the 
gorge in its relationship to the receding falls are described in 
the two following chapters; the original banks and bed of the 
Niagara river are described in Chapter rx. 

The Whirlpool-St. David buried channel extends from the 
Whirlpool to the edge of the escarpment, about two and a half 
niles beyond, and was erroneously thought to be the ancient 
course of the Niagara river. The ancient cafion has now 
been explored by borings, the deepest of which reached to 269 
feet, or to a level only a little above that of the Whirlpool. The 
operations were stopped at this point on account of the ex- 
pense, which was growing very heavy, but in a general way 
we now know the effects of the buried valley on the river. 
To its great depth it gave rise to the Whirlpool, but not to 
the gorge above, as might have been the case. This was 
one of the most important points established by the present 
survey, as the effects it had produced in the recession of the 
falls had not been fully known. The head of the ancient 
stream, which at the Whirlpool began to form a gorge, was only 
a short distance south of the railway bridge—at Lyell ridge. 
The now buried channel never drained the Erie basin, nor 
that of any creek above the Upper rapids. But about the 
Whirlpool, it originated the valley later filled with drift, which 
was quickly re-excavated when the falls had receded as far as 
its outlet. Some curious features were observed in the borings, 
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such as a breathing well at a depth of 226 feet, and the occur- 
rence of a log of white spruce at a depth of 186 feet, buried 
there long ago in the Glacial period. See Chapters x. and x1r. 

The last-mentioned chapter treats of the Whirlpool rapids. 
In this locality the old river banks are well preserved, while 
the gorge itself is greatly contracted in breadth. Here, after 
the Glacial period, a small superficial valley diverted the 
Niagara river, after the falls had receded past the outlet of the 
Whirlpool, so that most of the water was concentrated and 
made a narrow cafion some 400 feet deep, which, upon the 
retreat of the falls above this point, has been refilled, thereby 
producing the Whirlpool rapids, which have been completed 
at a very recent date. The building of these rapids eventu- 
ally lowered the height of the falls above. The widening 
of the gorge above this point is a very noticeable feature, but 
this is too technical for a short summary. 

The curious basin at Niagara falls has affected the re- 
cession. Here the rock floor is about 110 feet lower than the 
rocky Lyell ridge, or about sixty feet lower than the river bed 
of pre-glacial times crossing that ridge. From the Lyell ridge 
southward, the rock valley, partly buried, deepens and widens 
to the falls. It long challenged explanation. By borings it 
has been found to be part of a valley heading in Lyell ridge 
and growing in the southward direction. At the falls it is over 
sixty feet below the level of Lake Erie, and it is traced by bor- 
ings farther southwestward. (See Chapter x11.) Its explanation 
accordingly demanded the finding of a deep outlet from Erie 
basin. This was afterwards discovered by means of complete 
investigation of the visible and concealed features. It is 
described in Chapter xxxvir. The basin at the falls is now 
found to be part of a shallow valley extending a few miles 
to join the ancient outlet of the Erie basin, all the features 
of which are deeply covered by drift. This explains the oceur- 
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rence of the Upper rapids, where now the Niagara river is 
descending over the left bank of the otherwise buried valley. 
It has a great deal to do with the recession of the falls. 
Here the river is turning its course nearly at right angles, now 
causing the falls in receding to climb, so to speak, the ancient 
lateral bank of a valley, so that the hard rock formations 
above are getting thicker, with the softer lower beds becoming 
more concealed, thus tending to reduce the rate of the recession. 
The investigation of the basin in the rocky floor brought to 
light the Falls-Chippawa valley. In the vicinity of the falls 
this is covered by a hundred feet or more of drift, which has 
been explored in many places by borings, so that the rocky 
floor beneath the mantle is everywhere found to be sinking 
towards the southwest. (See Chapter x11.) 

Foster flats begin at about two-thirds of a mile below the 
Whirlpool, and extend for a like distance. It is one of the 
wildest and most beautiful places in eastern America. Here is 
a series of terraces of the greatest importance in the investiga- 
tions of the recession. These are floors of the Niagara river, 
showing that until the falls had reached this point, nearly three 
miles from the mouth of the gorge, there were two cataracts, 
one in advance of the other, each about 120 feet in height. 
Also it is found that the second one, which had been gaining on 
the upper, now became united with it. At this time the second 
channel was still high above the present bottom of the river. 
Lower down the gorge was the third cataract. It may be said 
that this cataract was at one time 300 feet high, and was low- 
ered by the subsequent backing of the waters of Lake Ontario 
into the gorge. The lowest cataract remained until long after 
the united upper ones had passed this section of the cation, but 
subsequently joined it, and made one Niagara falls from the 
time that they reached the Whirlpool. This complex history of 
Niagara river is largely recorded at Foster flats, which is a 
wonderful place. Until lately only the Erie waters emptied by 
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the Niagara river. It was immediately after the falls had 
passed the head of Foster flats that the Huron drainage turned 
into the Erie basin, and henceforth the recession became very 
rapid. The features are described in Chapter x1v., and are 
referred to elsewhere. 

The terraces at the mouth of the cafion, upon the flanks of 
the escarpment, furnish evidence of the lowering of the waters 
in the Ontario basin, and from these, along with the features at 
Smeaton ravine and at Foster flats, and the soundings in the 
river, the height of Niagara falls at different epochs in its early 
history is determined. (Chapter xv.) 

The glacial features of the region are described in Chapter 
XVI. 

The meteorological phenomena required investigation for 
several purposes, especially in relationship to the fluctuation 
of the lake levels, and to the discharge of the Erie basin com- 
pared with the whole volume of the Niagara river, for in some 
eases the rainfall appeared at variance with the stages of water 
in the lakes. In short, they were necessary elements in studying 
the problem of the lowering of the lakes. (Chapters xvit. to 
xix.) After 1890 there was a diminution of the rainfall, but 
since 1900 the mean has slightly increased, and raised the 
lakes. But this is too complex for a brief summary here. 

The fluctuations of the lake-levels have proved one of the 
most important studies. ‘The levels are derived from the daily 
records kept at various stations since 1855 or 1860. The figures 
vary from year to year as well as from month»to month, so that 
groups of years have to be taken for a fair average. Since 
1890 all the lakes, except Superior, have been much lower than 
during the earlier years of observation. This has affected the 
calculation of the discharges. From these investigations, along 
with those of the meteorological conditions, it is found that 
the outlets of the lakes have been lowered (Chapters xvrtt. 
and x1x.), but that the lowering has lately been slightly ob- 
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secured owing to the recent increased rainfall. The most accurate 
statement of the elevation above the sea is the mean of the last 
fifteen years (1891 to 1905), and not that of the whole period 
of record of about half a century, although the mean annual 
fluctuations and discharges are transcribed without introducing 
the desirable corrections except where special use is made of 
them. The lowering of Lakes Erie and Ontario has been about 
one foot and of Lake Huron about a foot and two-thirds. Lake 
Superior has risen owing to increased rainfall. The lowering 
of the outlets is permanent, though increased rainfall may con- 
ceal the fact even more than now. 

The lowering of the outlets affects the calculations of the dis- 
charge of the rivers, causing those before 1891 to be too great, 
and producing anomalous conditions that were not understood 
until the recent discovery of this feature, an allowance for 
which brings all the results into harmony. We may therefore 
take either the mean discharge for the fifteen years (1891- 
1905), or that of the whole period, if the correction be made. 
In the former case it reduces the discharge given by the U. S. 
Engineers by about 15,000 cubic feet per second for Niagara, 
that is from about 219,000 to 204,000 cubic feet per second. 
Other figures given, which require correction, are 222,000 and 
215,000 cubie feet. A relatively greater correction is required 
for Lake Huron. It was necessary to determine the relative dis- 
charge of the Erie basin as compared with that of the four 
Upper lakes. The results derived from the rainfall of the 
basins, from their drainage areas, and the discharge of the 
fifteen years coincided very closely, but were entirely at vari- 
ance with the previously given mean discharge, until allow- 
ance was made for the lowering of the outlets. Finally I 
found that the Erie discharge was fifteen per cent of the 
whole volume of the Niagara river. This factor was one 
very long sought for, on account of its bearing on the solution 


of the age of Niagara falls. 
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Another outcome of the investigations of the lake fluctua- 
tions is the establishment of the present stability of the earth’s 
crust in the lake region during the last fifty years, where for- 
merly it was supposed to be rising. (Chapter Xxx1). 

The discharge of the different rivers is given, and their 
relationship to the lake fluctuations, which are great. Thus on 
October 7, 1858, the corrected volume of Niagara was 292,000 
cubic feet. per second while on February 28, 1902, it fell to 
158,500 cubic feet,—the mean of that month being 175,000 
cubic feet. (Chapter xx.) 

The mean discharge of 204,000 cubic feet gives a gross 
horse-power from above the Upper rapids of 4,900,000. It 
was reduced in February, 1902, to 4,200,000 horse-power, 
when low water prevailed, or for the lowest day to 3,800,000. 
But this does not represent the available force, as two of the 
power companies take the water from nearly fifty-five feet be- 
low the head. Again there are other great losses in the appli- 
cation so that the whole power cannot be used, and these will 
reduce the amount by 30 or 35 per cent. Accordingly the avail- 
able low water discharge is reduced to 2,600,000 horse-power ; 
for only this amount can be considered in the power question. 

Seventy-five to eighty per cent of the power is on the Cana- 
dian side of the Boundary Line. But this is modified by the 
position from which it‘is taken. Thus the power taken above 
the First cascade affects alike both sides of the river, and also 
the flow of water over the falls, in so far as they are preserved 
or despoiled. The water taken below the rim affects the Cana- 
dian side almost exclusively, and since the encroachment here, 
the effect. on the river occurs mostly where the water is the 
deepest, thus doing the least amount of harm. As much of the 
rim of Greens or First cascade is covered by only a thin sheet 
of water, the diversion of the present franchise power will 
gieatly modify the eastern side of the falls. In fact, if the 
full amount be utilized it must drain not merely 800 feet on 
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the eastern side of the Canadian falls, but some two hundred 
feet more on the western, so that the falls will be reduced from 
nearly 3,000 feet in width (in 1900) to 1,500 or 1,600 feet. 
It will further reduce the American falls from 1,000 feet (in- 
eluding Luna island) to a few disconnected streams. The full 
utilization is not in sight at the present moment, but that taken 
already has reduced the sheet of water on the Goat island shelf, 
so that in the near future it seems that the shrinkage of the 
water will leave only that portion of the greater falls which hes 
within the Canadian domain. This will complicate the ques- 
tion of the use of the water. 

Another most important question that is arising from the di- 
version of the water above Greens or First caseade is the low- 
ering of the Upper lakes. From 20 to 25 per cent of the dis- 
charge will be taken from the basin of the river above the First 
cascade—this will lower the river from 3-2 to 4 feet according 
to the stage of mean or low water, though at first the lowering 
of the river here will be partly lessened by the stronger current 
from above. The increased flow means eventually a lowering 
of the lakes, as the run-off will be in excess of the rain supply. 
This condition will continue until equilibrium is again estab- 
lished with the lakes at a lower level. The word lakes is 
used, for on the reduction of Lake Erie the same results will 
affect Lakes Huron and Michigan. Even with the lowering 
of the mean level of the lakes by two feet, and it may reach 
three or four feet, the effects on navigation in the harbours 
and canals are sure to be serious. 

This feature has not hitherto been considered so far as I 
know, except to be discarded as unimportant, because the in- 
take of the water is below the lake outlet. This ignorance has 
arisen from not investigating the science of Niagara. The 
diversion of even 125,000 horse-power above the rim will affect 
the Upper lakes more than the use of an extra 5,000 cubic feet 
at Chicago. But the increased velocity of the discharge in 
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leaving Lake Erie will not merely lower the water of the lake 
to equilibrium, but it will produce an extra scour of the clayey 
and rocky bottom where the current runs five miles an hour, 
and thus permanently further reduce the level of the lake, as 
has occurred to the extent of one foot since 1890. (See Chap- 
Gere <X IX 10) xi) 

The raised and tilted shore lines, showing the recent move- 
ments in the earth’s crust and former lake levels, are described 
in Chapters from xxir. onward. So far as Lake Erie was at 
first concerned in post-glacial times its area was only about one- 
sixth the present size, but upon the land rising faster at Niagara 
than farther westward the lake expanded. When the waters of 
Lake Ontario became lower the lake shore was about twelve 
miles from the mouth of the gorge, then the channel was ex- 
cavated to a depth of about 180 feet below the present level. 
Later, by tilting, the Ontario waters backed up and drowned 
the lowest part of the Niagara, and reduced the aggregate 
height of the falls from 500 feet in all its parts to the present 
descent of the river of 326 feet. 

The Huron drainage was towards the northeast, ultimately 
by Lake Nipissing, and the Ottawa. What is now Lake St. 
Clair became the headwaters of Lake Huron, draining north- 
ward, as is shown in the drowned channels in the bottom of that 
lake. But the tilting of the basin turned the waters into the 
Erie drainage, and augmented the Niagara from 15 to 100 
per cent. As these were late changes, only about 3,500 years 
ago, the absence of warping during the last fifty years becomes 
the more striking. During the time when only the Erie waters 
flowed down the Niagara the St. Lawrence was small, as is 
proved by the recently observed smaller inner channel found 
there. In the process of the tilting which sent the Huron dis- 
charge southward some waters overflowed by way of Chicago 
into the Mississippi drainage, but the lowering’ of the Huron 
barrier to the south lately caused the entire diversion of that 
discharge to the Niagara. 
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Having investigated and analysed the components which 
have affected the recession of Niagara falls I have determined 
the changes in the volume of the discharge, in the height of 
the falls, the character of the original banks of the river and 
the variation of the features of the rocks and the rock surfaces, 
and the effective erosive power of the falls. Then, finding the 
character of the first and second cataracts, especially, I have 
been able to tell the story of the retreat of the Great Falls, and 
determine their approximate age. 

At first the falls were only thirty-five feet high with a vol- 
ume of 15 per cent of the present, falling directly into Lake 
Ontario. They receded for only a short distance before their 
height increased, but based upon proportional recession these 
conditions lasted 3,200 years. The falls were now separated 
into two cataracts, the second one growing in height, they 
receded to Foster flats, where their union occurred at a point 
extremely well marked. It was on the upper of these falls that 
I was enabled to make the determination of the time required 
for the recession. Had this evidence not been available the 
difficulties might have proved insurmountable. The time re- 
quired for the recession of the double falls to Wilson point (in 
addition to the 3,200 years mentioned) is found to have been 
31,600 years, and 700 years more to the head of Foster flats, the 
whole distance being nearly three miles. This was the length of 
the gorge excavated during the Erie Epoch. From now onward 
the recession was very rapid, modified at times, but in all re- 
quiring only about 3,500 years, so that the age of Niagara falls 
may be placed at about 39,000. Slight variations on one side 
or the other are probable, but under the conditions, all of which 
are now apparently known, the error in calculations will not 
exceed ten per cent. 

An account of the pre-glacial topography is added, though 
it might have preceded the order of this work on the whole re- 
cession of the falls. During the present survey the’ buried 


12 TALLS OF NIAGARA (Geol. Surv. 


channels explored have thrown so much light on Niagara that 
those bearing on the outlet of Lake Erie are of particular in- 
terest, and they form a distinet chapter that is added to the 
work, as also another describing the features by which the origin 
of the Great Lake basins has been found. The Falls-Chippawa 
valley demanded a search for what proved the discovery of the 
Krigan valley and cafion, a few miles to the west. The cafion 
was brought to light in the explorations of the ‘ Short hills,’ 
where portions of it dissect the Niagara escarpment and are 
exposed in the deep ravines. Southward there is no suggestion 
of such an ancient outlet for the Erie basin on the surface of 
the flat country only a few feet above the level of Lake Erie. 
But the records of well borings all the way to the lakes were 
obtained, and they have great economic value in the question 
of supply of water, and obtaining natural gas. These problems 
require much further investigation, which the limit of the 
survey did not permit. However, a great buried valley was 
discovered, with details that could not have been expected. 
Thus, not merely was a channel found deep enough to drain 
the present Erie basin, but also several smaller tributaries 
of it. This completes the most important evidence in the 
study of the ancient Erie basin, which formerly received the 
drainage of even the Upper Ohio river. The history of these 
investigations required many years for elucidation and it 
embraces much of that bearing on the origin of the lake basins, 
which at last is pretty well known. See Chapters xxxv. to 
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CHAPTER II. 


INTERNATIONAL BOUNDARY LINE AT NIAGARA FALLS 


Boundary line located by the Com- First Canadian Survey of Reces- 
mission of 1819. sion of the falls, 

Crescent of the Great falls on Can- Deepest Inner Channel close to 
adian side of that line. Goat Island shelf, 


BOUNDARY LINE LOCATED BY THE COMMISSION or 1819. 


The use of the terms ‘Canadian falls’? and ‘ American 
falls’ dates back to the settlement of the, country, and the 
names were adopted by the writers since the earlier part of the 
nineteenth century, as by Bakewell, Hall and others, but they 
have had no more significance than as convenient designa- 
tions of the two great cataracts. Indeed, the great natural 
phenomena should be quite independent of political limitations. 

On almost every map on which this Boundary Line is indi- 
cated, even though in official publications, it has been erron- 
eously placed. The map issued by the United States State De- 
partment for the use of the Lighthouse Board, which is a photo- 
eraphie copy of that of the Boundary Survey Commission, 
is an exception. ‘The International Line on the recent map of 
the Interior Department of Canada is as correctly located. as 
possible on one of such a small scale. Hitherto, the position 
of the Boundary has been of no importance as it was ab- 
solutely unapproachable and very few people knew or even 
cared where it was. Lately the question was raised in con- 
nexion with another survey of the falls (page 29), and accor- 
dingly it should be definitely understood. International ques- 
tions may arise, as the river below the falls is navigable ; and 
the withdrawal of the water from Goat island shelf, due to the 

13 
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power companies, will involve the necessity of the Boundary 
Line being well known. 

An article has just appeared under the title of ‘ Niagara 
Falls Already Ruined,’* wherein the writer, Mr. Alton D. 
Adams, advocates the saving of the American falls by carrying 
the point of deepening the channel to the International Bound- 
ary. But to cover the cost he suggests the further abstraction of 
water from the Canadian falls to the extent of over one-third of 
the whole volume of the river. The scientific aspect of the pro- 
position is germane to this paper—the fulfilling of it lies en- 
tirely within the jurisdiction of the State Department. 

The Boundary Line was established by the International 
Commission in 1819. 

Under the Treaty of Ghent the Boundary Line is drawn 
through the middle of Lake Ontario ‘until it strikes the com- 
munication by water between that lake and Lake Erie, thence 
along the middle of said communication into Lake Erie 
through the middle of said lake,’ ete.; and the Treaty provided 
for a reference to commissioners to decide what islands should 
belong to each party. Their decision was to be final. 

The commission adopted rules, one of which was to follow 
the deeper channel and to compensate for islands assigned to 
either party. It was for compensation, as it were, that the 
Boundary Line was located near Goat island and Grand 
island, giving only water equivalent to Canada. Unless other 
concessions were made it was no compensation to draw the 
Boundary Line near Goat island and Grand island, for the 
middle of the river (under Treaty) would have divided Grand 
island nearly equally, while a corner of Goat island and even 
more river would have fallen to Canada. 

The Boundary map, here reproduced, is signed by Peter B. 


Porter and Anth. Barclay, commissioners, and William A. 


* The Technical World Magazine, pp. 115-124, 1905. 


15 


INTERNATIONAL BOUNDARY 


of Canada] 


‘Adod pausis [BULSIIO 944 JO IVY S¥ aTVoS BUYS UO PUY UIOIy paydeasojoyg 


‘. BLYTG 


“Pat Sts 


de 


95 
ng IF nat 
Uy a) 


‘( 


6181 


) STR PAVSRLN 07 Qusoel(pe “dey Arvpunog [euoyvusequy 


ane ihe 


ENA GOs 


a) 


16 FALLS OF NIAGARA Bee meioerve 
Bird and David Thompson, surveyors. It is dated 1819. The 
present copy is on the same scale as the original, the official 
copy in the State Department Library of Washington, to which 
access for making the photograph, was obtained through the 
kindness of Mr. William McNair, chief librarian. 

The sketch of the crest of the falls in 1819 was only ap- 
proximate, but the established position of the Boundary Line 
in its relationship to the shore of Goat island has been trans- 
scribed to the map of the recession (Plate 1.) so that it will be 


understood in its bearing upon the present crest of the falls. 


(CRESCENT OF THE GREAT FALLS ON THE CANADIAN SIDE OF 
THE LINE. 

At the end of Goat island shelf the Boundary Line is be- 
tween 235 and 260 feet from the island. Opposite the apex 
of the falls it is about 300 feet from the Goat island shore, 
while the apex is 400 feet within the Canadian side of the line. 
After swinging round nearly parallel to the southwestern shore 
of Goat island it bends towards the New York side, above Goat 
island, and there passes onward between Navy island and Grand 
island. It hugs close the shore of Grand island, being only 
200 feet away, with the Canadian bank from 1,200 to 2,300 
feet beyond the Boundary Line. The placing of the Boundary 
Line gave the whole of the eastern channel, the American falls, 
and Goat island to the state of New York; but only from 235 
to 300 feet of the river at the falls. This threw the crescent 
of the Canadian falls within the territorial boundary of Can- 
ada. 


FIRST CANADIAN SURVEY OF RECESSION OF NIAGARA FALLS. 


As the Boundary Line places the erest of the falls, where the 
recession is occurring most rapidly, entirely within Canadian 
jurisdiction, the preservation of Niagara falls becomes a special 
duty of the Canadian people. Four previous surveys have been 
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made to ascertain the amount of recession of the falls, but the 
present survey made in October, 1904, and revised in August 
and November of 1905, is the first under Canadian authority. 
Even if the popular opinion, that the Boundary Line follows 
the deepest channel had here been correct, then below the falls 
that line would have been near Goat island as shown by the 
deep sounding of 192 feet (see map). 

It was none too soon to make this survey, as the diversion 
of the water had already commenced, and will be greatly in- 
creased in the near future when there will be a marked differ- 
ence in the natural changes of the cataract. The effects of the 
artificial changes are only now beginning to be appreciated. 
The Goat island shelf is already losing the water from its sur- 
face. (See Chapter xxr.) 

Below the bank of Goat island, at the angle of the shelf, is 
a low flat bush-covered rock-surface, showing that the margin 
of the river was from thirty to fifty feet inside the present 
water edge. This would be mostly flooded were the river here 
two feet higher as it was formerly, for the inner was the true 
bank of the river. On the Canadian side, Table Rock has 
fallen away leaving only fragments of the terraces, as at T on 
map, plate 1., and at some other points, to establish the 
old shore line, now further obliterated by the embankment 
curtailing falls. On the preliminary recession map the end of 
the Boundary Line is placed thirty feet too far west, but mea- 
suring to the natural bank it should still be thirty to fifty feet 
nearer Goat island, as shown on second edition of the Recession 


map, Plate 11. 
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CHAPTER III. 


NEW MEASUREMENTS OF THE RECESSION OF 
NIAGARA FALLS, 


Surveys of the falls. Rate of Recession and change of 
Montresor’s Map of Niagara river Form. 
(1764): Stegman’s (1799); Inter- Recession of American falls. 
national Boundary map, 1819. Slower retreat of the falls now and 
Hall’s (1842); U. S. Lake (1875); in the future. 
Woodward’s (1886) ; Kibbe’s Position of the falls at the time of 
(1890); Spencer’s (1904-5). Father Hennepin established. 


Results of the Surveys of the Can- 
adian falls. 


SURVEYS OF THE FALLS. 


Montresor’s map.—On June 5, 1764, an order was given 
for the immediate survey of the Niagara river, by Capt. John 
Montresor, King George’s Chief Engineer in America. In his 
diary* he wrote, ‘ Directed an astronomical survey with the 
plane table from Niagara to the fort at Little Niagara (that 
is Fort Schlosser), for the several works carried on here since 
my arrival.’ This map is reproduced in Plate 11r. It should be 
noted that Fort Erie is not on the map, as it was not built 
until the end of the summer of that year. The map is from 
a photograph, of the original in the British Museum+, which 
was kindly furnished by Hon. Peter A. Porter, of Buffalo. This 
map, though inaccurate in detail, gives a fair representation 
of the river. It is especially interesting as showing the rounded 
apex of the falls as close upon the Canadian side, without the 
deep indentation, now due to the turn of the direction of the 
gorge. 


* Reprinted in N. Y. Historical Society publication for 1881. 
+ The British Museum number on the map is CXXL., 73. 
19 
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Stegman’s map.—A map of the vicinity of Niagara falls, 
on the scale of three chains to the inch, was made by John 
Stegman*, and bears date of January 17, 1799. It was made 
by compass bearings and is, therefore, not as accurate as it 
should be. This is further apparent where the intervening 
shore lines were sketched in, but the measurements between 
salient points often correspond closely with more recent ones. 
The curvature of the Canadian falls is too broad. But there 
are other points on the map of value in studying the recession. 
See Map, much reduced in size, Plate rv. 
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Fig. 1. Sketch Map of the Falls in 1764 (Montresor’s). 

Eilicott’s Survey, said to have been made about 1789, has 
not been found. However, his description of the falls+ written 
in that year, is reprinted in Appendix I. Mr. Ellicott estimated 
the age of the falls at that early date as being about 55,440 


years. t 


** Niagara Falls Park,’ Court of Appeals for Ontario, Maps and Plans 
‘B’ to Appeal Book, 1894. Only a few copies for use of court were printed. 
ae me be vier in ee at Osgoode Hall, another in the Public Library, 

oronto; an e author possesses a copy. In thi 
cols one nae nt aan py is volume are also maps 
7 ‘Massachusetts Magazine,’ July, 1790, pp. 387-8. 
¢‘ Journal’ of William Maclay, Appleton’s, 1890. 


SSION 


TS OF REC 


N 


ME 


MEASURE 


of Canada] 


4 


JO PUB “FOLT ‘ATOY? UL 4TING SVM BIBSVIN qAOF 9[9UT 


‘(691 Jou ‘6S2. eq plnoys yorym ‘Ama 
jO Suipury Jo ayvp Joy sanooo dem uo Jodie ue UoTydTAOSURIY UT “Jalp{zva payetduioo deur uo you si emu qse] Sty9 9nq ‘v9 @UI’S UL 194] TIS dG 
‘awed yy Jo dotmumns ut Apa pekaaing) “FOL [—“IALI BABSVINY JO AVI S,coseaquoyy 


© you ue 03 spovSoorze ay 


) 
9 UP] PLE _SyLOM yNO 


SMM YY D VIAL LOT SONY TL. 


Parner of LAKE ONTARIO ~ 


= : t f Le Wop soy sapUr yo 2) PIGy ped , Paneer 


cen Shim om aa li 5 


oN Wy 
Sapyg mam s BS Wee 
A Tiled 
Yorum wo preps] AREAS on 
Saye. wow 5 e 
rik Ne PHT t 


emeddiyy (98 


J Ny | 
“Haat mopayyn 
© nanny ate Ee! C 


© 


« 


PAK ERO RIL 


PEP] wAeag Saoxyy BurGuoyy | ge 
S puupsy moppaw 2) ey2 10 pra samoy so Buipuerq) * ¢ 
. ee weuas 24, 4, a say Ago ony gOUtpaey + ae 5 
‘aval Se SHO NAM Tad «. 


Supe eee b ee AlLUa FIVTC-—O 


BeRtE eges Loe  OVYKING AMVI™Y XTAUNS We NYT 


‘TIL Y1V1d 


22 FALLS OF NIAGARA [Geol. Surv. 


International Boundary Survey map of 1819.—On this 
map the crest line of the falls was sketched in, and has been 
transferred to map Plate 1. Difficulty was found in locating 
the position of both ends of the crest line, but Stegman’s map 


was of much aid in this matter. 


Other early maps.—Chewett’s survey of 1831, that of 
Messrs. Burwell, Keating and Hawkin of 1834, and others, add 
to our knowledge of the early determinations of the features of 
the falls*. 

In Stegman’s map the falls are a flattened crescent. In 
1819 there was a very sharp apex, in contrast with the flat- 
tened form in the survey made by Prof. James Hall.t+ 


Hall's, U.S. Lake, Woodward’s, Kibbe’s and Spencer’s surveys. 


The first trigonometrical survey of Niagara falls, made for 
establishing a basis of the measurement of recession, was that 
of Hall in 1842. The second measurement was made by the 
United States Lake Survey in 1875¢. At this time another notch 
was beginning to form on one side of the centre, but the princi- 
pal recession was at the head and towards the western side. The 
third survey was that of Prof. R. S. Woodward in 1886. Dur- 
ing the last interval the recession was small where before it had 
been greatest. But there was an enormous enlargement of the 
apex which had appeared in 1875. It was now somewhat 
similar to the form of 1819. The survey of August S. Kibbe+t+ 
in 1890 was the most detailed. The growth of the apex of 
1886 had been suspended. The great recession was on its west- 
ern side as in 1875, but the apex had assumed a much more 
acute form. The next survey was begun in October, 1904, 
by myself, aided by Mr. James Goodwin, C.E., and Messrs. 


* See foot note, page 20. 
+ ‘Natural History’ of New York, Vol. 4, 1842 (on reduced scale). 
{ Lake Survey chart of Niagara Falls, scale 1 to 10,000, 1875. 

tf Seventh Report Com. State Res., Niagara, N.Y., 1891. 
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Hoyle and McPherson, Engineers of the Electrical Develop- 
ment Company. In August and again in November, 1905, I 
re-surveyed the crest-line with my own assistants; but in 
December a remarkable rock-fall occurred which is added in 
a sketch line on the map. It is also shown on Plate vir.,* which 
gives the effect of the water diverted from Goat island shelf. 
In Appendix i1., reference data of the survey will be found. 

These are the five surveys which mark the four periods of 
measured recession. The fact that another survey has been 
made requires some mention. After my survey was first made 
in October, 1904, and I had been requested to contribute the 
results to the Commission of the N. Y. Reservation at Niagara 
falls (which I could not do), I found on my return to complete 
the investigations of the falls in June, 1905, that the United 
States Geological Survey had sent out a surveyor to duplicate 
my survey, which was then purely a scientific question. The 
gentleman in charge had the opportunity of seeing my survey 
of October, 1904, and later I saw the result of his. Some dis- 
erepancies appeared, which led me to make the re-survey in 
November, 1905, which confirmed my previous observations as 
does also the photograph of the crest-line shown in Plate vt. 
However, this is an unimportant detail, as in a very few years 
all will be changed. 

From being a scientific question only, where my survey had 
the priority, it became an International one when the surveyor 
located the International Line very much nearer the Cana- 
dian side than where it had been established by the Boundary 
Commission in 1819. The apex of the falls is now situated 
about 400 feet west of the Boundary Line, thus placing the 
crescent within the Canadian territory. Apart from any bound- 
ary question, a survey of the falls can only be made from the 
Canadian side. My two surveys of August and November, 1905, 
constitute them the last actually made, while that of October, 


* Photographed Dec. 9, 1905. 
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1904, gives it priority after that of Kibbe. It was shown in 
the first edition of the Recession map. to accompany Summary 
Report of the Geological Survey of Canada for 1905, no im- 


portant change having occurred in the meanwhile. 


RESULTS OF SURVEYS OF THE CANADIAN FALLS. 


Most writers have taken the total area of recession and 
divided it by the entire length of the crest line, namely :— 
2,215 feet in 1842, 2,950 feet in 1880, 2,535 feet in 1905. 

This later shortening of the falls is due to diversion for 
power thus restricting the width of the river by filling in the 
bank so that the crest line has been reduced 415 feet. Calcula- 
tions based upon the perimeter show the enlargement of the 
cauldron, but to measure the retreat of the cataract the area 
which has fallen away should be divided by the width of the 
cataract which has produced the gorge. 

Just north of Table Rock House is a fragment of a terrace 
(T on map Plate 11.) which marks the former bank of the 
river. Between the original shore of the river here, and the 
end of the Canadian falls at Goat island, is a natural cross- 
section which has escaped subsequent changes from the widen- 
ing of the gorge by frost action, and undermining of the cliff. 
Thus the true width of the river is shown to be nearly 1,200 
feet across, not including the recently uncovéred rock flat at 
the edge of Goat island. From a point 600 to 700 feet below 
Table Rock Touse, where a fragment of the old rocky bank ean 
be found, the full width of the gorge reaching across the same 
Goat island shelf is also found to be 1,200 feet. Accordingly 
this figure will be adopted as the mean breadth of the chasm 
which is due to the recession of the cataract. 


RATE OF RECESSION AND CHANGE OF FORM. 
The recession of the Canadian falls from 1890 to 1905 I 
have found to be 39,832 square feet, or nearly one acre. This 
represents a recession of 32°2 feet as above defined in fifteen 
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years, or annually 2:2 feet. In the meantime there has been 
practically no medial recession ; but the remnants of the former 
western border of the apex have disappeared. ‘The beginning 
of the new apex is suggested by a short new channel in the 
upper beds of rock down which the water shoots before break- 
ing over the falls. This is illustrated in Plate vi. A second 
channel is also beginning to appear, but not sufficiently to affect 
the outline of the crest in a pronounced manner. Since the 
above was observed the rocks have fallen away, so that by 
October, 1906, a widening was in progress reducing the width 
of even the little V-shaped trench. 

Adjacent to the apex, upon its eastern side, the manner of 
recession has recently taken upon itself the wedging-off of 
upper layers of limestone. This occurred after the instru- 
mental measurements of November, 1905, but prior to De- 
cember 9, 1905. Accordingly the cataract strikes a projecting 
shelf and rebounds to the abyss below. This is shown in Plate 
vir. The manner of rebounding was anticipated at one point 
in the shelf where the waters had been noticed to strike a ledge 
forty or fifty feet below. In October, 1906, the projecting 
shelf appeared to have a length of 200 feet or more. These 
changes seem to have affected the bursts of spray rising out of 
the cauldron. The elevation of the spray is scarcely greater, if 
as great, as the level of the wall top, while formerly the ex- 
plosions were more frequent, sending up columns to a great 
height. Plate vir. also shows the reduced volume of water on 
the Goat island shelf, occasioned by the diversion of part of 
the water, which at the time the picture was taken was equi- 
valent to the lowering of Lake Erie by three-quarters of a 
foot. 

Between 1875 and 1890, 97,735 feet fell away, making an 
average recession of 81°44 feet, or 5:42 feet per annum. The 
greatest fall oceurred in January, 1889, and another in 1882. 


Attention should be called to the fact that during this time a 
6968—33 
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great apex which was beginning in 1875 was completed in 1886 ; 
after which there was a rapid widening of the chasm. Indeed, 
since the date just mentioned, there has been no recession of the 
apex, the work being expended in broadening and _ straight- 
ening the crest line. Going back from 1875 to 1842, 180,000 
square feet above the point of Table Rock House collapsed. 
During that period the most notable rock-falls occurred at Table 
Rock in 1846, and in 1850. The area here given represents a 
mean recession of 150 feet, or an annual retreat of 4°54 feet. 

Owing to the deep incision of the crescent, shown by the 
survey of 1819, the recession of Niagara falls after this date 
must have been very rapid as a consequence of the double face 
of the great natural quarry. This is shown by the representation 
of the form of the crest of 1819 on map (Plate 11.), though it 
can only be considered as approximate. However, this form was 
soon afterward changed by the great fall of rock in 1823, which 
carried away a large mass of Table Rock then extending north- 
ward of that shown by Hall in 1842, though it left the platform 
in front of Table Rock House projecting fifty-eight feet until 
the rock fall of 1850. Before 1823 Table Rock extended some 
600 or 800 feet to north of Table Rock House, or beyond the 
location of the Hennepin channel, though here it may have 
been as wide as it was known elsewhere. 

The survey of 1819 shows a form more favourable for rapid 
recession than during the succeeding periods, on account of the 
deep indentations of the crest line, like that which appeared 
in 1886, and is now beginning to repeat itself in the V-shaped 
apex mentioned. The representations of the surveys of 1764, 

_1799 and 1831, while not to be relied upon, show the crest 
lines to have been flattened. 

Between 1842 and 1904-05 there has been a disappearance 
of 317,642 square feet, or nearly seven and three-quarter acres, 
representing a total recession of 265 feet and a maximum of 


285 feet, not taking into account the small superficial channel 
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now appearing; but this total medial recession was reached in 
forty-four years without any addition in the subsequent nine- 
teen years, during which time the work of the falls has been 
that of rounding the irregularities of the crest line. This 


represent a mean annual recession of 4:2 feet. 


RECESSION OF THE AMERICAN FALLS. 


The recession of Niagara Falls is almost wholly determined 
by the Canadian falls, as they had already receded about 2,400 
feet since they parted company with the American falls at the 
foot of Goat island, some 600 years ago. During all this time 
the American falls do not seem to have retreated more than 
110 feet, if so much, in excess of the unknown widening of the 
gorge from frost action. In 1819 the International Boundary 
surveys represented the incision in the crest line almost as deep 
as we see it to-day. On account of the inferior recession of the 
American cataract as compared with the Canadian one, and on 
account of the small amount of recession showu between the 
surveys of Prof. Hall in 1842 and Mr. Kibbe in 1890, a re- 
survey was unnecessary. (Mr. Kibbe’s survey is given in Plate 
VIII. 

The total breadth of this cataract in a straight line from 
Prospect point to Luna island is 855 feet, and from Luna 
island to Goat island is sixty feet. The amount which Mr. Kibbe 
found fallen between 1842 and 1890 was only 26,600 square 
feet, which is an average recession of twenty-nine feet in forty- 
eight years, or 0-60 of a foot per annum. - A curious phe- 
nomenon is seen here (See Kibbe’s map), in that the wall of 
the gorge appears to have receded faster than the shelf beneath 
the northern side of the American channel, which shelf pro- 
.trudes as shown on map in Plate vmt., and in profile on Plate 
Xv. 

This at first suggests that frost action beneath the falls 


is very small, while at a point exposed to spray it becomes 
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exaggerated. But there seems another reason. In 1721, Charle- 
voix visited Niagara falls, and specially mentions several points 
as then jutting out. The projecting shelf may be the remains of 
the floor of the falls before the separation of the Canadian 
cataract. 


SLOWER RETREAT OF THE FALLS NOW AND IN THE FUTURE. 


Irom the measurements obtained it is seen that there has 
been reduction in the recession of Niagara falls during the 
last fifteen years, giving rise to problems which require investi- 
gation. The rock structure is variable. The channels in the 
river had not hitherto been studied. The discharge of the river 
has been reduced, to some extent artificially, and to a small 
extent by meteorological conditions; there has also been lower- 
ing of the lakes by scouring of the beds of their outlets. The 
course of the river is changing in relationship to the underly- 


ing rock formation. 


The measurement of the recession of the falls is the first 
step in the research. The diversion of the water for power 
purposes already shows a pronounced lowering on the Upper 
rapids. The great reduction in the rate of the recession 
during the last fifteen years now seems to be due more to the 
changing course of the receding channel and character of under- 
lying beds, than to other causes. In the immediate future there 
will be a large quantity of power brought into operation, and 
should the full capacity of the franchise be utilized the retard- ° 
ation of the recession from this cause must be very great. To 
generations 600 or 1,000 years hence this retardation may be of 
advantage, provided any of Niagara falls be left. On the other 
hand their grandeur will become a matter of history only, while 
at the present day they are seen by 600,000 to 1,000,000 peo- 
ple every year. 


From the scientific point of view it will not be possible in 


future to determine the rate of recession in its bearing on the 
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past age of the gorge; for a large volume of water will be so 
diverted from the falls as to greatly check the retreat. The 
present time affords the last opportunity of making the mea- 
surement of Niagara falls in even their approximately natural 


condition. 


POSITION OF THE FALLS AT THE TIME OF FATHER HENNEPIN 
ESTABLISHED. 

Father Hennepin first saw Niagara falls in 1678. He men- 
tioned and illustrated a cross cascade (See Plate xxiu., Ap- 
pendix 1), on the western side of the great cataract, without 
the separating rock appearing at the surface of the water. 
Could such a condition have obtained, and if so, where? After 
I had recorded a remnant of the lower margin of the river re- 
maining just north of Table Rock House, Mr. James Wilson, 
who has rendered me invaluable aid throughout this work, 
called my attention to a depression since filled in north of Table 
Rock House, beyond which no lateral falls could have existed. 
He had the profiles made before the changes in the Park. 
While some of these features could still be found, the identi- 
fication of the position of the falls is due jointly to his observa- 
tions and my own researches. 

Near Table Rock House is a shght elevation of six or seven 
feet above the lowest marginal bed of the river shown in the 
terrace T, on Map u. It is also weli shown in the view, Plate 
X. (on opposite page). From the old profile it was found that 
north of this ridge at Table Rock House the low depression, 
already mentioned, begins to rise at a point 450 feet north of 
that building. About 250 feet beyond this a steeper old bank 
is found from fifteen to twenty feet above the floor of Henne- 
pin channel. This point at 450 feet was the beginning of the 
inner edge of the old channel, the course of which was nearly 
parallel with the clay banks, behind; consequently the present 
brow of the gorge follows a line at a very acute angle to the 
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course of the deserted channel. That this channel did exist 
there is proof in the map of Stegman, made in 1799 (Plate 
tv.). He shows a pond 400 feet long and nowhere more than 
forty or fifty feet wide, connecting at its southern end with the 
river, but blocked at its northern extremity. This depression 
has a position identical with the drained one of later date. As 
it is known that 100 feet of the Table Rock cliff have fallen 
away since the time of Hall’s survey, the channel just men- 
tioned should be projected somewhat farther as on the map. 
Here then are the remains of a channel behind a low elevation 
of rock which must have produced a cross fall when the great 
cataract was passing this point. Thus the position of the falls 
at the time of Hennepin in 1678 has been closely located. Al- 
lowing for the fallen shelves of Table Rock, and carrying the 
crest line of the great falls outward in a curve similar to that 
of Hall’s time, it crosses to the northern face of Goat island 
shelf at the same distance in front of the present falls as would 
be found by extending them down the gorge 950 feet in accord- 
ance with the measured rate of recession. 

Had there been no measurements for determining the rate 
of recession, Hennepin’s cross-fall carefully worked out would 
have furnished means for ascertaining the rate during the last 
227 years (to 1905) carrying back the date 164 years before 
that of Hall, when no other white man than Hennepin had left 
a description of the ‘ Moccasin falls’ of the Indians, of the 
time of Champlain. 

Then there was no Goat island shelf, but the Canadian falls 
had the form of semi-circle without the re-entrant curve 
by which the sheet of water has been since lengthened to 
2,950 feet in 1900, before the curtailment of 415 feet by com- 
mercial men. Accordingly the Canadian falls at this late 
date were much grander than in the time of Hennepin, when 
their diameter was only 1,200 feet, with a perimeter of 1,500 
to 1,800 feet. The form was then a flattened curve with pro- 
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bably a sheht indentation corresponding to the deep sounding 
at the angle of Goat island shelf. 

The insular rise north of Table Rock House with the de- 
pression beyond and behind the power-house may be seen in 
Plate x. 


Note 1.—Plate Illa (page 23) is reproduced from a drawing made in 1768, 
by Lt. Wm. Pierie, Royal Artillery. The illustration was kindly furnished by 
Hon. Peter A. Porter, of Buffalo, N.Y. Next to that of Hennepin (1678) shown 
in Plate xuiir., this is the oldest picture of the Falls of Niagara known to 
me. At first glance the picture appears very much distorted, with Goat 
island far too small and out of proportion. However, when taken along with 
Kalm’s description in 1750 (See Ap. 1), the picture becomes a valuable 
record of the recession of the falls. It shows that the eastern limb of the 
erescent, covered with water, reached nearly across the face of the island; 
also that the same rocky shelf extended much further across the gorge than 
now, and that the re-entrant angle of the falls was then relatively small. 


Note 2.—Plate Vila, page 33, is reduced to one-fifth of its full size, from 
an engraving of a painting by John Van der Lyn, 1804. The engraving is 
dedicated to the Society of Fine Arts of New York. The picture shows 
Table Rock, since fallen, and also the greater breadth of Goat island shelf 
than now. (By kindness of W. K. Vanderbilt, jr., Esq.) 


CHAPTER IV. 


HEIGHT OF THE FALLS AND SLOPE OF NIAGARA RIVER. 


oe of the Upper rapids. cade at outlet of Whirlpool, and 
eight of the falls. ; of Rapids at Foster flats. 
Descent of Whirlpool rapids, Cas- Table of slope of Niagara river. 


DESCENT OF THE UPPER RAPIDS. 


The descent of the river from Lake Erie to the rapids, 
where a ridge extends across the river producing the First 
cascade, is nearly fourteen feet. From this determining bar- 
rier the Upper rapids descend in different cascades fifty-five feet 
to the present edge of the water, as now diverted on the Cana- 
dian side; but the descent of the rapids to the apex is con- 
siderably less, as it is situated several hundred feet farther up 
the side of the lately buried pre-glacial channel. This is an 
additional cause for the thinness of the sheet of water there. 
The depth of water is greatest along that part of the crest ex- 
tending from the Canadian edge to the present apex. This is 
-due to the transverse ancient Falls-Chippawa trough crossing 
the direction of the rapids. From Greens or First cascade 
the rapids extend about 2,500 feet to the apex of the falls, but 
the distance is much greater toward the western edge, owing 
to the curvature of the river and the crescent shape of the 


cataract. 
THE HEIGHT OF THE FALLS. 
The height of the falls on the Canadian side at ordinary 
stages is 158 feet, but on the side adjacent to Goat island it is 
two feet more. These heights are to the level of the river at the 


power-house a thousand feet to the north, where the river 
AT 
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is a mass of surging foam. Unquestionably the water must 
pile up somewhat immediately at the foot of the falls so as to 
reduce slightly the height given. It would be difficult to deter- 
mine this exactly, for at the end of the tunnel of the Electrical 
Development Company under the falls, some 600 feet from the 
edge of the river, one sees the impetuous irresistible torrent 


boiling and churning the ever-changing surface of the water. 


Fee 
(0) 13 50 75 100 


Fig. 2. Profile section of Canadian falls (horizontal 
and vertical scales the sarne) R., surface of river; 
L. O., surface of Laka Ontario; N. 1., Niagara lime- 
stones ; N. s., Niagara shale; C. 1., Clinton limestone ; 
R. M., Red Medina shale and sandstone; g. M., Gray 
Medina sandstones ; M. s., Medina shale. 


At the apex the falls descend 175 feet. This superior height 
is due to its being farther up the rising bed of the channel and 
nearer its middle. There is then, in the middle, both an 
increased height of the cataract and a greater volume of water, 
which facilitate the recession here until retarded by its pro- 
truding ledges. 
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Below the foaming cauldron, the surface of the river forms 
a stretch of comparatively smooth water, so that it is navigable 
for a mile and a half, to near Cantilever bridge, with a descent 
of a foot and a half or less. I have seen this section of the 
river, during the season of 1905, twelve feet above ordinary 
stages, when the Canadian edge of the river above the falls had 
risen three feet. 

Turning now to the New York channel, there is a barrier 
in the upper part of the river similar to that described above 
the Canadian falls. This is situated a little below the head 
of Goat island, and is also the First cascade of the eastern 
channel. The descent of this Upper rapid is forty-five feet. The 
American falls at its northern edge descends 167-5 feet, while 
upon the margin, adjacent to Luna island, it is 169 feet. Luna 
island produces a third but intermediate cataract of small size, 
from which, before taking the final leap, the waters bound from 
one ledge to another. 


DESCENT OF WHIRLPOOL RAPIDS, OF CASCADE AT OUTLET OF 
WHIRLPOOL, AND OF RAPIDS AT FOSTER FLATS. 


Below the head of the Whirlpool rapids the river descends 
fifty-one and a half feet to the Whirlpool, and again seven feet 
to another smoother stretch above Foster flats. Twenty feet 
more of violent rapids reduce the river to the level as at the 
foot of Foster flats, and sixteen feet more of descent to the 
mouth of the gorge. These features are more fully shown in 
the accompanying table of the slope of the river, and also in 


the longitudinal section, figure 3. 


The level of the river in the gorge is constantly changing, 
and this differing at various points. It may vary from a few 
inches to two or three feet—these pulsations occur irregularly, 


varying from a fraction of a minute to a few minutes apart. 
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Descent of Upper rapids, Canadian side from 
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River surface below falls at end of Electrical 
Development tunnel. . 
River surface 1,000 feet farther down (Ontario 
Power Company). Boe EOS Acting ae wean 
River suriacer. seer see gets Very high. 
Descent of Canadian falls, centre....... ...... 
" " western side.. 
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" southern side, at Luna 
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Descent of Upper rapids, New York channel, | 
from level of Ont. Co. forebay at western 


end of Green cascade......... SE SECTS age 


Descentiof American falls 000 0.25.5 25.-.4..| 
River surface at Cantilever bridge, head of) 
Wihicl pool mais irra mera teter-teteisi tele re 
River surface under Grand Trunk Railway 
| ORMCUR re 6. he cos Seria eee taace ed Matos cine crite. 
River surface eddy at foot of Whirlpool rapids 


DRY TM gone sngasdooscuscnobode anor 
River surface at Whirlpool........-........... | 


lk 
| 
: a, |Above Lake, " 
Above Sea. Gates: Fall. 
1 Ft. Ft. 
572° 35 326° 58 
571°65 
572°28 | 
572° 67 
572"51. 
566° 49 
56874 
567 °46 
564°76 
561°69 
56619 
562 
561°18* 315 
562° 50 
558°75 313°7 
552 306 
532 
521+ | 275 
520°5 274 
505°5 259 
504°3 258 
507 °3 
511°13 265 
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346+ | 100+ 
346+ | 100+ 
358 | 112 
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HIZ,o | 266°5 
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345 98°5 
243 96°5 
301 54°5 
293 47 
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Descent of Whirlpool rapids ............ ...-- 


* This datum appears too high. 
43 


52 FALLS OF NIAGARA lGeoly Surv. 


TABLE OF SLOPE oF NIAGARA River—Continued. 


| | 
| 
| 


— Above Sea. | 


lAbere Lake | sy 
Ontario. Fall. 


Ft. Et, Et. 
re: between Whirlpool and Foster flats..... 286 | 40 
,. Foot of Foster flats, in eddy... ... ........ 265 19 
~ Cable crossing (Ontario Power Company) Pe 256 10 
-Mouthiot gorgex aac ete errs Bae 249 3 
RiveratiG) ieenshontesciaeei irene teenies Low.. 246°20 | 0°20 
ive my Sarena ars. Gan ayst saeig ks High. 250 eT | 4°7 | 
" ARVADA on 5 coee Mean. 247 °93 5 2°0 
Lake Ontario— 
IAG DOLONtOs 1 SDD—1 900 eects ener " 245° 86 | | 
" LSOUSUG0 bee cere eee 245° 07 | | 
Descent from Lake Erie to Lake Ontario (1891- 
1G05) Aa Behe ct ree ae, ie Abia bate | 3a) J abreate! 326°58 


+ Mean of 1891-1905 would be lower. 

The lake levels are reduced from the mean monthly tables 
in the Lake Survey reports, and unpublished records of Wel- 
land canal and Toronto harbour. The datum at Niagara falls, 
the profile of the Niagara Falls Park and River railway, 
the section at the Michigan Central Railway bridge, Mr. Jen- 
nings’ measurement of the rapids, levels determined by the 
power companies, new levels concerning the falls taken by 
myself, wherein the first attempt at measuring the height of 
their centre appears, and Mr. White’s ‘ Altitudes in Canada’ 
for other points of the slope of the river, have furnished the 
above information, which is the most precise obtainable. For 
convenience, unless otherwise specified, throughout this work 
Lake Erie will be considered as 326 feet above Lake Ontario; 
and Lake Ontario as 246 feet above the sea, as the elevation of 
245 feet apples only since 1890. 

Attention should be called to the fact that the Canadian 
edge of the falls has been artificially carried back about 415 
feet. This should have slightly increased the height, but as 
the water was diverted to a deeper part of the channel the des- 
cent was not materially changed. 


CHAPTER V. 


NEW SOUNDINGS IN. THE 


Former soundings in the river. 

Position of the new soundings. 

Soundings under the Canadian falls 
(1906, first attempted). 

Soundings from the Canadian falls 
to near the Cantilever bridge. 

Soundings and borings at Canti- 
lever bridge. 

Whirlpool rapids. 


GORGE OF NIAGARA RIVER. 


Soundings in the Whirlpool. 

Soundings below the Whirlpool out- 
let. 

Soundings below Foster flats, and 
just inside of gorge. 

Soundings in the river beyond end 
of gorge. 

Soundings above the Upper rapids. 

Depth of water on the Upper rapids. 


FORMER SOUNDINGS IN THE RIVER. 


Soundings of the depth of the river had been made where 
navigation demanded. Thus they were taken in the river from 
Lake Erie to as near the rapids above the falls as the boats 
dare go without risk. Soundings were also made in the river 
below the mouth of the gorge as far up as the landing stages of 
Queenston and Lewiston. Since before 1750 the early settlers 
of the country used small boats to cross the river below the line 
of the American falls, as is done now by the Maid of the Mist. 
In this region soundings were also made by the United States 
Lake Survey, and published in 1875. Another line of sound- 
ings was made at the Michigan Central Railway bridge in 
1899. These have been published by Mr. P. W. Curry* from 
the data furnished by the engineers of the railway. No other 
soundings have ever been published. The present data at the 
bridge were kindly furnished me by Mr. H. Ibsen, bridge engi- 
neer, of the Michigan Central railway. 

The current at the Michigan Central bridge is very strong, 
and rendered the sounding of the depths a difficult undertaking. 


* Trans. Can. Inst., Toronto, vol, VII., p. 7, 1901 
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It was, however, accomplished by using weights of 600 pounds 
made in the form of a tad-pole,+ supported on an axis, so as to 
offer the least resistance to the current. <A large sized telegraph 
wire was used. Three out of four of the sinkers were eventu- 
ally lost. The soundings could not disclose the character of the 
gorge, as beneath the bottom of the river, the channel was re- 
filled with fallen blocks. 

The statement was made that no other soundings had been 
published, but it is said that a Mr. Nissen, in a boat called The 
Fool-Killer, made soundings in the Whirlpool and elsewhere 
which were not published. Soundings, however, taken in swift 


currents by ordinary methods are very unreliable. 


POSITION OF THE NEW SOUNDINGS: 


In my investigations, the question arose as to what was 
the character of the channel beneath the surface. Without a 
knowledge of the changing features I could not determine 
what work the river had done at the various points. No one 
knew the depth of the river in front of the American falls, or 
at any point above in the direction of the Canadian falls. All 
guesses as to the depth beneath the Canadian falls proved most 
erroneous, based as they were upon deep soundings (previous 
to my work), below the line of the American falls, two-thirds 
of a mile away, which were taken to indicate the depth of the 
river throughout its course, interrupted, however, by the 
Whirlpool rapids. 

The Whirlpool is situated along the course of an ancient 
buried channel. Its depth was a mystery. Just beyond the 
outlet of the Whirlpool the channel is modern. What had been 
accomplished by the ancient stream, and what by the modern 
river? Here was another point where a knowledge of the depth 
of the river was necessary 


. 
e 


Borings at the Michigan Central 
Railway bridge give proof as to the character of the old valley 


t See also Rept. of Chief of Engineers, U.S.A., pt. VIII., 1900. 
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though more or less filled as before’ mentioned, and the sound- 
ings at the bridge supplied information from which to draw con- 
clusions as to the depth of the Whirlpool rapids. 

Farther down the river below the Whirlpool are Foster 
flats. Here there had been great changes in the river. The 
soundings below the mouth of the Whirlpool would show 
what the falls had done after they had passed Foster flats, and 
before reaching the Whirlpool gorge. The rapids in the nar- 
rows opposite Foster flats could only be regarded as a repetition 
of the Whirlpool rapids on a modified scale—oceupying a 
channel partly refilled by the extraordinary mass of fallen 
rock which occurs at this point. It was necessary to know the 
character of the channel below the flats inside the gorge and 
near its end, as well as just beyond. 

The soundings of 1905 brought to light for the first time 
the nature of the floor of the ‘gorge, leaving us still ignorant of 
the depth of the river under the Great Falls. To make any 
soundings here seemed at first impossible. Captain Carter of 
the Mad of the Mist and Mr. Wilson, with others, were ready 
to assist. Finally the soundings were successfully made in 
September, 1906, completely changing prevailing views of the 
recession. : 

Other methods than those used elsewhere had to be adopted 
for sounding under the falls. A buoy about 3°5 feet long 
pointed below and loaded at the end with twenty-seven pounds 
of lead, (the whole weighing fifty pounds) was made. About 
six inches of it floated above the surface of the water. A rod 
on top carried a red flag. The lower end was covered with a 
lead shoe to record the scratches when bottom should be struck. 
Within this buoy were two Tanner-Blish sounding tubes doubly 
protected from the jarring blows. The buoy was taken out in 
a tug from Fort Day through the kindness of Mr. Champagne, 
and placed overboard by my assistant, Mr. Walker. Different 


points chosen for sending off the buoy were determined by the 
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distance from an anchored buoy. The course of the sounding 
buoy was observed by others. It struck the rapids of the First 
cascade at different trials in fifteen to twenty minutes. Another 
fifteen to twenty minutes carried it down the Upper rapids over 
the falls and some distance below, even as far as Carter cove, 
where it was picked up by the steamer. 


SOUNDINGS UNDER THE FALLS FIRST ATTEMPTED. 


As shown on the large map and in a section (figure 5), the 
depth of the river is eighty-four feet at a point about a thou- 
sand feet from the falls. This point is near the middle of the 
gorge, with a deeper channel reaching to 192 feet nearer the 
eastern side. As the shelf was found for some distance down 
the river it was thought to extend to the falls themselves, as 
also the deeper inner channel. The opinion as to the shelf 
was found to be correct, but not that as to the deeper channel. 
Near the centre of the apex, where the volume of water is 
largest, soundings under the falls reached depths of sixty-nine 
and seventy-two feet. From the markings on the lead shoe of the 
buoy it was found that the sixty-nine foot sounding struck hard 
rock of a boulder or fallen block, while the seventy-two foot 
sounding seraped on such a surface as would be shown in strik- 
ing shales. On the eastern edge of the apex the buoy struck 
rock with such force as to damage the end, showing that sound- 
ings could not be made there, as the water was checked by 
ledges breaking its descent. The width between the rock wall 
mentioned and the point of the seventy-two foot sounding is 
too narrow to permit of a deep channel corresponding to that 
of 192 feet extending to the present site of the great channel. 

The effective depth below the falls, being somewhat less than 
that on the shelf (which has a general depth of 80 to 100 feet 
extending as far as Carter cove) may be due to the boulders or 
fallen blocks, or the floor may rise upwards as in the ease of the 
cove behind the Wilson ridge at Foster flats. These variations 
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of the depth have changed our idea of the mode of recession, 


and of the history of the channel itself. 


SOUNDINGS FROM THE CANADIAN FALLS TO NEAR CANTILEVER 
BRIDGE. 


The soundings in this section of the gorge were made from 
the Maid of the Mist, and extended from a point in the foam 
as near the cataract as it was safe for the vessel to navigate, 
for a distance of a mile and a half, to a point near the Canti- 
lever bridge above the Whirlpool rapids. 

The soundings on the chart show extremely variable depths. 
This is due to a narrow and very deep channel penetrating the 
general floor, which floor near the falls is from 80 te 100 feet 
below the surface. Still there are points on it where reefs 
occur much nearer the surface of the water. An extensive 
one is found opposite the American falls, where at extremely 
low water great boulders may be seen near the surface. The 
current here is rapid, and on account of the danger in sailing 
over rocks a detailed exploration was not undertaken. On 
my large chart or map this reef is shown to extend about one- 
third of the way across the river, but it is supposed to reach 
farther than this distance from the Canadian side. Additional 
information is thrown upon this subject by my assistant, Mr. 
Claude E. Eldridge, in his sketch map of the ice-jam of March, 
1906 (figure 4). In this figure, a stranded ice mass is seen 
about two-thirds away from the Canadian shore, nearly opposite 
Luna island. It is at present supposed that the floor rises so 
near the surface that at this point one of the great rock blocks 
protrudes to hold the ice. Indeed, near this point, I found a 
depth of only fifty-seven feet, and I have seen fallen blocks 
in one case standing fifty feet high, where the mass was lying 
on its edge. This observation is of importance as showing 
that the deep channel, which trenches the floor under the Goat 
island shelf, is very narrow. <A cross section from the Goat 
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Fig. 4. Sketch ef Ice-jam, March, 1906, showing stranded mass at x (C. 
K. Eldridge.) 


island shelf is shown in figure 5. The deep channel is further 
illustrated in figure 6, which is a section between Carter cove 
and the shore below Prospect point. 


Fig. 5. Section from near Table Rock House to the Goat Island shelf. 
Horizontal and vertical scale the same. R. S., river surface; L. O., level of 
Luke Ontario; g. M., band of Medina gray sandstone; M. s., Medina shale. 
This legend applies to the following sections and so need not to be repeated. 


The soundings above Carter cove shown in figure 6, are 
sufticiently far apart to leave room for a narrow channel, which 


Carter's Pt 
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Fig. 6. Section from Carter cove to shore below Prospect point. 
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must exist on account of the 192-foot soundings above, and 
because the soundings in front of the American falls are deeper 
than on the shelf beyond. Until the later soundings I regarded 
the shelf opposite the American falls, terminating rather 
abruptly, as a site of a drowned falls with its floor trenched 
upon the eastern side by a deeper channel. Just below Carter 
cove (Plate xxxviu. B, Chapter xxxiv.), the broad channel of 
the river is very deep, without the occurrence of the shelf as is 
shown in figure 7, a section at the Upper Arch bridge. 


SS SS SSS SSS 
Fig. 7. Section ¢ t the Upper Arch bridge. 


The discovery of the reduced depth of the river under the 
falls, showing its effective excavating power, confirmed the 
idea that in this vicinity the height of the falls had been greater 
but is now reduced by the backing water in the gorge. 


SOUNDINGS AND BORINGS AT CANTILEVER BRIDGE. 


At the east pier of the bridge, the Michigan Central railway 
bored with a diamond drill in 1899, to determine the character 
of the foundation. This is located in the upper end of the 
Narrows of the gorge of the Whirlpool rapids, and for the 
first time disclosed its character, showing a succession of clay, 
and boulders, mostly limestone, extending to a depth of 185 
feet below the surface of the river, which is here about ninety- 
seven feet above Lake Ontario. (See Chapter x1, on Whirl- 
pool Rapids section.) Thus it is seen that deep channel in the 
rocks, extending from the falls through the wider portion of 


the cafion, still continues at the same depth of about eighty- 
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seven feet below lake level into the Narrows of the Whirpool 
rapids. The first geological uses of this section were made by 
Mr. P. W. Currie, who published it in the ‘ Transactions of 
the Canadian Institute.’ 

As may be seen in cross-section, figure 8, this buried channel 
is refilled so that the present greatest depth of the river is 
eighty-six feet. 


Fig. 8. Section of river at Cantilever bridge. 


THE WHIRLPOOL RAPIDS. 


From this point on the velocity of the current becomes 
greatly accelerated, as between here and the Whirlpool the de- 
scent is over fifty-one feet. While the water shoots with a 
smooth surface under the railway bridges, it soon becomes 
tempestuous in the rapids. Adjacent to them are some un- 
usually large masses, one of which is 120 feet long, and more 
than 60 feet wide, and 10 feet thick. Such have fallen re- 
cently, as is shown by the entire absence of an incipient cafion 
where Muddy creek tumbles over the soft rock on the -vestern 
side of the Narrows. It is with such blocks that the bottom 
of the channel is refilled, some reaching near the surface, pro- 
ducing boiling breakers. No ordinary rock-mass could resist 
these wild currents, broken and interrupted by all manner of 
secondary currents, and succession of tossing billows rushing 
down at the rate of from twenty to thirty miles an hour. Even 
this velocity is indeterminable on account of the constant 


changes, and we know nothing about the under currents. The 
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sounding lead might be lowered into the river from a cable, but 
there is every probability that it would be caught in some crevice 
among the rocks. No useful information would be derived 
from ascertaining the actual depth, as the borings at the Canti- 
lever bridge show that the channel in the rock formations had 
been excavated to its full depth, before the fallen blocks had 
obstructed the passage of the river. The maximum depth in 
the rapids is very much less than eighty-six feet. 

In spite of their wild character some daring spirits have 
navigated these rapids in barrels and specially constructed 
boats. In one case a boat was made with water-tight compart- 
ments and a keel of iron weighing 1,600 pounds. The navi- 
gator was strapped into it in a manner that enabled him to 
release himself. On one of his two voyages the boat upset in 
spite of the heavy keel, when the man was under water for over 
a minute, after which the boat righted itself and he escaped. 
On the other voyage his boat shot nearer the Canadian bank 
and did not upturn. <A further illustration of the caprices of 
the current occurred lately. Five small, flat-bottomed boats, 
belonging to the Maid of the Mist, were cut loose at the landing 
of that steamer by some miscreant and turned adrift. All of 
these went through the rapids into the Whirlpool where they 
were recovered. One of them was upset, two more were filled 
with water, while two others containing the oars went through 
in an almost dry condition. The first steamer, Maid of the 
Mist, shot these rapids under a full head of steam and escaped. 


SOUNDINGS IN THE WIUIRLPOOL. 


There has been much speculation and interest as to the 
depth of the Whirlpool. Mr. Nissen made some soundings in 
it from his boat, but these are not known. He could not di- 
rectly cross its course. For those who are not familiar with 
the Whirlpool let it be said that the waters come into it, crosses 
its outlet, cirele round, and finally pass out almost entirely 
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as under-currents. Thus any floating object carried into it 
may remain swirling round for days or even weeks. Where 
the upper current comes in contact with the lower, great tim- 
bers may be seen pitching down endwise, being dragged into 
the lower current, but most of these soon come to the surface 
again. There is always much material in the Whirlpool con- 
stantly floating round its course, advancing or retreating from 
the shore with the intermittent surging. 

During the last season the quantity of logs was greatly in- 
creased by the removal of the temporary dams of the power 
companies, who dislodged their timbers by dynamite, thus send- 
ing them into the river. These caused the greatest difficulty 
in making the soundings. While a boat could sail round in the 
safer waters it could not cross the centre of the pool, where the 
currents meet, lest it be drawn endwise into the boiling vortices. 

The surface of the Whirlpool is forty-seven feet above Lake 
Ontario. In my paper on the ‘ Duration of Niagara Falls,’ I 
had made sections of the river channel, of which the Whirlpool 
is an arm, assuming the depth as substantially the same as the 
deepest soundings above. From one of these soundings I con- 
cluded that the river and Whirlpool reached a depth of from 
90 to 100 feet below the level of Lake Ontario, which would 
indicate channel 136. to 146 feet deep. I have heard it esti- 
mated at 800 feet, but the great current is an under-tow, so 
that its depth was not determinable, except by measurement 

_with specially devised appliances. 

My method of sounding here at the Whirlpool, as at other 
points, was by swinging a cable across a stretch of water of 1,150 
feet. This distance was considerably increased as it was neces- 
sary to carry the cable to a height of sixty or eighty feet above 
the water in order to allow for curvature, and to prevent its fall- 
ing into the water lest it be caught by the drifting wood. This 
cable of seven strands is the same as that used on the naviga- 


tional sounding instruments of Commander Tanner. It is sup- 
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posed to stand a strain of 600 pounds, although at one time it 
was subjected to a strain of 900 pounds without breaking. But 
at different times it was broken. It was suspended at the two 
ends on movable drums, with a pulley wheel clamped to it, 
which was shifted to any desired point over the river. Through 
this wheel a second cable was operated, having at one end the 
sounding lead, and at the drum a recording meter. By this 
means the position, and by the use of hydrostatic tubes, the 
depth to which the sounding lead reached could be measured. 

Two ‘ leads’ were used, one of which was twelve and a half 
and the other thirty pounds in weight. They were made of 
lead with a form offering least resistance possible, yet these 
were beaten about and hurled against the rocks by the current 
as if struck with a sledge hammer. The depths were accurately 
determined by the Tanner-Blish tube of small bore, with rings 
closely ground on the inside. These tubes are twenty-four 
inches long with a rubber cap on their upper end. With the 
closed end above, one was placed in a brass tube upon support- 
ing springs so as to relieve the jar, and this again was inserted 
in the sounding leads. Protected from the currents these little 
tubes quietly recorded the depth of the water; for the pres- 
sure compressed the air into a smaller space, and the rising 
water wet the inside of the tube. So far as moistened, the 
ground rings, which appear white when dry, become trans- 
parent and sharply mark the height to which the water has 
ascended. By measuring this on the proper scale the depth in 
fathoms is immediately read off. In a very few cases the rough- 
ness of the current dashing the leads against the rocks rendered 
the readings not quite certain. In such cases the readings were 
rejected. 

When the friction brake of the drum was released, the 
weight was allowed to sink as rapidly as possible in order to 
reach bottom along the shortest line, as otherwise the current: 
carried it down. In some cases this line when measured did 
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not materially exceed the depth recorded in the gauges. Some- 
times the lead was carried far out of position, but in every case 


a—a, depth of Whirlpool along 


annel on east side of Whirlpool. 


Section across Whirlpool from Thompson point to Colt ravine. 


Fig. 9. 
section line; b, depth 200 feet riverward ; c, supposed depth of river ch 


the sudden striking of the bottom and releasing of tension on 
the cable was instantly felt at the drum, and the slack of the 
wire began to uncoil. Accordingly there was no doubt when the 
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bottom was touched. In this way I made a line of soundings 
between Thompson point, at the outlet of the Whirlpool, and 
the little gorge of Colt ravine, in directions at right angles to 
the axis of the Whirlpool. This line is on the edge of the Whirl- 
pool proper, where it joins the true river. (See the large map. 
The section is illustrated in figure 9 (p. 64). 

Nine soundings were made along this line, besides scattered 
ones. Close under Thompson point a depth of seventy-five feet 
was obtained. This increased to 102 feet at a point about 500 
feet from shore. On the western side of the Whirlpool there 
is a shelf submerged to a depth of only eighteen feet at a point 
about 150 feet from the shore. Just beyond there is a sudden 
deepening to seventy-eight and eighty-seven feet. In sounding 
under Thompson point the inward currents were moderately 
strong, but at the point where the depth was 102 feet there was 
a neutral zone, so that the sounding cable paid out only three 
feet more than the hydrostatic depth. Between this sounding 
and one of eighty-seven feet upon the other side a very re- 
markable result was obtained. Long after the drum was ex- 
pected to have ceased uncoiling the weight and cable still con- 
tinued to run out. At the surface the current did not greatly 
deflect the cable, but it was caught by an under current which 
carried it some 200 feet (beyond the point where it entered the 
water), into the channel of the river proper—that is to say, in 
the course of the river as if there had been no Whirlpool. The 
whole feature, however, is, generally speaking, regarded as the 
Whirlpool. It is an important distinction in the study of the 
mechanics of the river. 

On account of the vortices in the currents, and the difficulty 
of swinging the cable, it had seemed impracticable to determine 
the depth at this point. The current favoured the sounding 
here, which reached a depth of 126 feet, indicating that the 
channel was deeper than the Whirlpool proper, and that the lead 


had reached a point seventy-nine feet below the level of Lake 
5 
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Ontario. This is a depth of only eight to fifteen feet less than 
that of the river above Whirlpool rapids, or that of the refilled 
Whirlpool rapid channel revealed at Cantilever bridge. Yet 
the lead had not been drawn into the deepest portion of the 
channel. 

Putting all these things together it now appears for the first 
time that the forces, which excavated the Whirlpool rapids 
section, acted to the same depth as in the gorge above, and in 
the Whirlpool below the rapids. Learning, by several failures, 
how to sound the Whirlpool, I now think it possible to make 
soundings in the outer channel, but for the discovery of an 
additional ten feet or more in depth the result would not be 
commensurate with a very high cost. In the last mentioned 
sounding the lead was peculiarly checked by battering against * 
numerous small points, as if it struck a ragged edge of the 
Medina shale, and not scraped bright by occasional heavy blows 
on hard limestone as had occurred elsewhere; so that it 1s prob- 
able that the pre-glacial channel does not exceed a depth of more 
than fifty feet below lake level, if so much. 

Before leaving the Whirlpool it may be said that the sus- 
pension cable was carried round the pool in a boat, illustrated 
in Plate x1 a. Some additional soundings were also taken, 
which are shown on the chart, reaching from twenty-four to 


ninety feet in depth. 


SOUNDINGS BELOW THE OUTLET OF THE WHIRLPOOL. 


Below the Whirlpool outlet is a descent of about seven 
feet, where the waters again become smoother before passing 
on to the rapids at Foster flats. From a point on the Gorge Rail- 
way track I attempted to send a cable across the river in a 
boat, as shown in Plate xr. B, opposite this page. Attached. at 
one end to the boat the cable was paid out from the shore; the 
boat reached the opposite side and was caught by an assistant, 
but before it could be landed the current swept it down so that 


PLATE XI. A. 


View of end of the Whirlpool, with boat carrying the cable across 
for sounding purposes. 


IPG Am Hn xT iB: 


View of Boat crossing the rapids, just below outlet of Whirlpool, and 
carrying a cable across river for sounding purposes. 
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the cable had to be cut in order to save the men, who were 
carried past the vortex of a small whirlpool to where there was 
imminent danger. A second attempt was made by having a 
long rope lying in the boat to which the cable was attached so 
that it paid out from both ends. But the rope proved of no 
advantage as it was rapidly carried down the river, and in 
a mysterious way some 700 or 800 feet of cable were cut out 
and disappeared in the river. 

The river at this point had probably never been crossed 
before. It appeared safer to attempt the crossing from the 
New York to the Canadian side, but such did not prove the 
ease. It is much better to navigate in the opposite direction, 
so as not to be carried down into the rapids below. A third 
time, on the initiative of my assistant, as the boat was on the 
other side from me, they attached the rope and brought it 
across to the New York side where the men were quickly landed 
and the rope made fast to a pole; when almost immediately 
thereafter, on the current tightening it up, it snapped like a 
thread. The river is 640 feet wide here, and including the 
time of pulling up against the side current and landing, it 
took just a minute and a half to make the trip. Failing to get 
the cable across, and before making a fourth attempt, the men 
who had learned the art of navigating these currents agreed to 
make the soundings from the boat, on which a third man now 
embarked. The soundings were made from each side of the 
river, the men going as far as thev dared go, and then returning 
for me to make the readings. In this way I succeeded in ob- 
taining eight soundings in this section, and in crossing at last, 
the lead was dropped in the middle and dragged so as to get the 
maximum depth, which was ninety-nine feet. At this point 
the river is thirty-nine to forty feet above Lake Ontario, so 
that the deepest part of the river is sixty feet below the level of 
Lake Ontario. Thus the river here is shallower than in the 
main channel above the mouth of the Whirlpool. On the New 
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York side there is a shallower shelf extending some distance 


from shore. 


Scale 


Fig. 10. Section of the river, quarter of mile below Whirlpool outlet and 
above Foster flats. 


T must here pay tribute to the bravery and skill of James 
Scott and Alexander Leger in the navigation of this hitherto 
unexplored part of the river, for without them it would 
probably have still remained unknown. Fred. Scott was the 


third man. 


SOUNDINGS BELOW FOSTER FLATS, AND JUST INSIDE THE GORGE. 


It was necessary to ascertain the character of the river 
below Foster fiats. The Ontario Power Company had suc- 
ceeded in getting a cable across the river swung from the top 
of the gorge. This was kindly placed at my disposal by Mr. 
Banker Payne, the general manager. Here the river has lost 
-much of its depth, being only sixty-three feet. This is at a 


level ten feet above the lake; thus making the soundings 


as ¢ : : : 
_ Fig. 11. Section of river below Foster flats and a mile and a-quarter 
within gorge. 
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reach to the depth of about fifty-three feet below the surface of 
Lake Ontario. We find the depth a little less here than in the 
reach between Foster flats and the outlet of the Whirlpool. But 
at this point, which is a mile and a quarter above the mouth 
of the gorge, there is still a strong current. 

At a point about a half mile within the gorge and opposite 
the second bridge of the Gorge railway I made several sound- 
ings reaching to 138, 144 and 150 feet respectively. This 
deeper channel is on the New York side of the river. A quarter 
of a mile above this place one or two soundings were taken 
to a depth of 120 feet, while a few hundred yards above an- 
other one gave sixty-nine feet, though complete sections across 
the river were not undertaken. At these points the river can- 
not be more than three or four feet above Lake Ontario, and 
accordingly the channel here is very much deeper than in the 


upper part of the river. 


Fig. 12. Section across the river, a quarter of mile within the end of gorge. 


SOUNDINGS IN THE RIVER BEYOND TIE END OF THE GORGE. 


At the mouth of the gorge, three soundings, less than 200 
feet apart, were made from the Suspension bridge. The deepest 
of these was ninety-nine feet. At the time they were taken I 
did not suspect a deep channel both above and below the bridge. 
It is possible that intermediate soundings may show a con- 
tinuation of the unfilled channel of 150 feet in depth. A third 
of a mile below the end of the gorge, at a point nearly opposite 
the Queenston dock the floor in the middle of the river 
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reached ninety feet, but passing toward the New York 
side, a narrow gorge was found which had a great depth. 
Here a considerable number of leads were cast, reaching to 
120, 135, 150 171 and even 183 feet, showing a remarkable 
chasm. The discovery of this channel was due to the suggestion 
of my boatman, James Humphries, who could not find bottom 
when fishing. The Lake Survey soundings below here reached 
only to a depth of ninety-six feet. This is at a level two 
to three feet above Lake Ontario. The current here runs at 
the rate of four or five miles an hour, so that it is difficult to 
hold a small boat in one position. 

This drowned gorge is narrow, perhaps not over 200 or 300 
feet in width. It has also precipitous walls, not merely shown 
by the rapid change of depth, but on pulling up the sounding 
lead on the western side, the upper part was bent over the 
inner tube in a manner to indicate a blow which it could only 
have received in being drawn up against an overhanging ledge. 
Again on sounding nearer the eastern side the lead was allowed 
to drag in order to ascertain the maximum depth. In bringing 
it up the weight caught so that it had to be again released by 
the men rowing backward. Here, at a third of a mile 
beyond the portal of the great Niagara gorge, is a submerged 
cafion trenching the outer channel. Combining the evidence 
here with that inside the gorge I have discovered what is now 
a drowned falls or rapid, formed when the lake level was 180 
feet or more lower than now. This was an entirely unsuspected 
feature in the physics of the river (See figure 3, page 50), and 
was formed while the Niagara was small, else the inner channel 
would have been very much broader. 

A little farther down, opposite Lewiston, the river shows 
a depth nowhere exceeding ninety-six feet, and below this point 
it is silted up so that the old channel is entirely obscured, 
with the modern river varying from twenty to sixty feet. In 
Lake Ontario, beyond the mouth of the river, the evidence of 


einen! SOUNDINGS 73 
this silting is observed in the fan-shaped delta deposit covered 
by about twenty feet of water though at its outer edge by about 
sixty feet, beyond which is a sudden descent of the lake floor to 


(Discovered 1905). 


2 


Cross section of river above Queenston pier, about a third of mile beyond end of gorge, showing 
fore additions of Huron discharge 


iver channel of Niagara river b 


Fig. 13. 
‘the very deep r 


eventually 400 feet, which, however, is a preglacial trough, 
and affords no indication that the Niagara channel was once 
deep. Indeed it is only the deep channel described which shows 
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that the waters of Lake Ontario were ever lower than ninety- 
six feet, after the birth of Niagara river, and it is even possible 


that it may now be partly refilled. 


SOUNDINGS ABOVE UPPER RAPIDS. 


The soundings in the river above the falls were made by 
the United States Lake Survey, and along a line between 
Chippawa and Grasse island the mean depths are reduced to 
sixteen feet. At a point below this section one sounding reached 
twenty-two feet. Southward the river increases to twenty feet 
in depth, and near the northern end of Grand island it is thirty- 
three feet. The depth of the upper river is extremely variable. 
At the International bridge, about two miles below Lake Erie, 
it reaches fifty-three feet, which is much below the rock barrier 
at the head of the rapids above Niagara falls. At a mile and 
a quarter above the bridge it is only seventeen to twenty-four 
feet. 


DEPTH OF THE WATER ON THE UPPER RAPIDS. 


This is determined by <he ledge of rocks producing the 
Greens or First cascade. From the Goat island shelf outward, 
for a distance of 400 feet or more to the channel separating 
the outermost Sister-island, the depth of water at present 
ordinary stages may be taken at an average of only one foot, 
as shown in Plates x1. a and B, page 77. (See also Plates 
xxxr. A and Bs). Above the outermost Sister island and 
beyond, where there is a fall of six or seven feet, Plate xxxt. 
B, the depth is between two and three feet and remains so 
for an unmeasured distance of perhaps 400 feet, beyond 
which the crest shows a rocky ridge with the water again re- 
duced so that at times the ledge appears almost bare. This 
condition may then extend more than half way across the river, 
beyond which to the Canadian shore the river is much deeper, 
reaching perhaps in places to twelve or even fifteen feet, as, in 
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a channel near the lower cascade, at the Electrical Development 
fore-bay, where crevices five feet deep were found in the floor. 
(See Plates xm. a and B). Accordingly local, narrow, deep 
channels may occur. 

For a distance of nearly 1,700 feet from Goat island, the 
mean depth now can scarcely exceed two feet, though before 
the artificial division, the water was probably a foot more. 
This shallowness on the First caseade is not so noticeable when 
the river is above mean stage. The average depth of the re- 
maining distance of 1,600 feet across to the Canadian bank is 
assumed to be nine feet or less, while Mr. James Wilson places 
it at less than seven feet, although there are deeper channels, 
as mentioned. Except in some channels of the First cascade 
east of Goat island, the depth of the river does not exceed a 
mean value of more than three or four feet, and less than a foot 
and a half on the American falls. (See chapter xxi.) Accord- 
ingly eighty per cent of the water here is found to pass on the 
Canadian side of the Boundary Line. 

Below the First cascade, the depth varies greatly, as seen 


on the shoals among the breakers. 
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Pirate XII. a. 


View of Greens or First Cascade across Ontario Power Co. Forebay, (from hill 
above western side of Upper Rapids). 


Pratt XII. Bs. 


View of First Cascade, New York Channel (from Goat Island). 
77 


Prate XIII. A. 


View of Bed of River at Electrical Development Company’s Forebay when water 
was drained off. The joints in the bed rock opened by solution of the 
limestone, leaving separated masses still in place. 
Prate XIII. B. 


View of deep crevice opened in bedrock by the river currents at 
Electrical Development Company’s Forebay. 
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CHAPTER VI. 


ROCK STRUCTURE AFFECTING THE RECESSION OF 
THEM PALS: 


Rock structure of floor of Upper Mode of recession of falls in the 
rapids, joints, ete. rock formations. 

Effect of Falls-Chippawa valley Depth of the excavating powers of 
upon Upper rapids. the present falls. 


ROCK STRUCTURE OF FLOOR OF UPPER RAPIDS, JOINTS, ETC. 


From an examination of the receding crest lines one sees 
that the rate of recession of the Canadian falls varies according 
to its form—whether a regular crescent, or one indented by a 
V-shaped apex, these being alternating features. The structure 
of the rock beneath the rapids in a manner facilitates the work 
of the falls. The rock floor under these rapids, above the 
cataract, is everywhere composed of hard dolomitice limestone 
in beds of variable thickness—some being only a few inches 
thick while others are massive, especially nearer the brink of 
the falls. This rock floor is everywhere jointed, and these 
joints being opened up produce crevices as shown in Plates 
xm. A and B, which are photographs of the river bed tem- 
porarily drained by the Electrical Development Company. 

These opened joints give rise to the greatest erosive effect 
near the edge of the falls, as they expose blocks of rock to tre- 
mendous force of the current, already accelerated by a descent 
of fifty feet, so that the frontal masses are wedged off and 
further expose the lower beds to the action of the falls. Such 
results are well illustrated by the November fall referred to 
before (See Plate vit., page 31). At other points on Goat 
island shelf, the water is seen to impinge upon the separated 
blocks, and rebound, producing pleasing effects of the rapids. 


As recognized over sixty years ago by Sir Charles Lyell, 
79 
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these rapids above the falls have not been produced by the 
Niagara river, but are a sloping surface dating back to pre- 
glacial times. I have discovered that the rocky floor of the 
rapids was formerly the site of a broad shallow pre-glacial 
valley, now reopened and forming the floor of Queen Victoria 
Park on the Canadian side, but still buried at Goat island on 
the New York side. For the cause of this Falls-basin, filled 
and heaped over with drift deposits, search for many years 
wag made; but not until my recent investigations was it re- 
warded by the discovery that this basin, bounded on one side 
by the rocks beneath the rapids, connects with the buried valley 
extending southwestward around the rapids towards Chippawa 
village. 

The rock ledge which determines the height of the river is 
almost horizontal on account of crossing the strike of the beds 
at a right angle. It is this structure which gives such uniform 
depth to the rim of the upper basin as shown in Plates x11. 
and XXXI. a and B. 

The rim at the First cascade is a conspicuous feature from 
the head of Goat isiand to a point above Dufferin islands, yet 
upon approaching the western side it is reduced in height sev- 
eral feet as the rocky floor passes under the drift deposits near 
the islands. Indeed, had the drift ridge which formed the 
banks of the original Niagara river here been a little lower, the 
course of the channel would have been diverted half a mile or 
so to the west where the bed rock is lower than at Greens cas- 
cade. This change would have caused a reopening of the buried 
valley, with the lowering of Lake Erie and the formation of a 
cascade at its outlet. Then the rapids above the falls would not 
have been formed. 


EFFECT OF FALLS-CHIPPAWA VALLEY UPON THE UPPER RAPIDS. 


This Falls-Chippawa valley just referred to has left its im- 
pression upon the rapids. Looking down upon them from the 
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hills above, as shown in Plate x1v. (on page 82), one sees the 
smoother waters in front of the Canadian-Niagara Company’s 
plant, and below the rapids at the Electrical Development 
Company’s works. These waters occupy a transverse channel 
trending from the widest part of the Park obliquely to near 
the head of the present apex of the falls. The waters rushing 
down the river are diverted at this cross channel toward the 
Goat island shelf, thus piling up the greatest volume of water 
to accelerate the formation of the apex in advance of the reced- 
ing falls. Still, as seen by the slope of the river, the increased 
height at the apex shows that the falls, which hitherto had 
been receding in the bed of the Falls-Chippawa valley, are now 
crossing the side of it. 

This fact doubtless accounts for much of the recent reduced 
rate of recession, and partly for the fact that the apex has 
scarcely advanced in twenty years. 

The greatest force of the falls has been expended along a 
line close to the present edge of the Goat island shelf, as is 
shown by the deep channel of 192 feet, which I found off Goat 
island, while the middle of the river below the falls is only 
eighty-four feet deep. The fall of rock which occurred in 
November, on the eastern side of the apex, caused a widening 
of the channel, a feature which is still continuing. After the 
survey of 1842 there was a great broadening of the gorge under 
the western part of the falls. 


MODE OF RECESSION OF THE FALLS IN THE ROCK FORMATIONS. 


In the near future much encroachment should be expected 
upon the upper part of the Goat island shelf from the un- 
dermining action of the main current of the river. On the 
other hand, the end of the shelf, being protected by great talus 
blocks, with but little water falling over it, may remain a per- 
manent feature. 


The removal of the heavy blocks of rock immediately under 
65 
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the bed of the river above the falls should not be overlooked, 
as there is a popular idea that the recession is entirely due to 
undermining by the removal of the soft shales beneath the lime- 
stone strata. In a certain case one bed alone has a thickness of 
eighteen feet, and is of the most durable character. Again, 
near the base of the limestone is a very massive bed projecting, 
on which the water is falling as already mentioned. 

The Niagara limestones at the crest of the falls have a 
thickness of eighty to cighty-eight feet. They form a coping 
over the Niagara shales with a uniform thickness of sixty feet. 
These last rest upon a very hard band of Clinton limestone from 
eight to ten feet thick, below which are the thinner layers of 
Clinton limestone—the whole here amounting to about twenty 
feet. These rocks partly pass below the surface of the river at 
the falls. (See figure 2, page 48.) 

The Electrical Development Company has excavated a tun- 
nel under the falls which terminates at a point 580 feet in a 
direct course from the present shore line. Its bed rests in the 
Clinton limestone. Here may be witnessed the imposing effects 
of the under side of the falling sheet of water, now plunging 
into the boiling cauldron. On the western side is a talus- 
bearing ledge, but east of the portal the ledge has been broken 
away. At this portal the top of the limestones is twelve feet 
above water level, or 112 feet above Lake Ontario. Beneath 
the Clinton limestones are five or six feet of Clinton shales. 
(See figure 2, page 48.) 

For the character of the rock beneath the surface of the 
water if is necessary to examine the exposures farther down 
the gorge. This can easily be done, as the general character- 
istics are remarkably regular after allowing for the dip of the 
strata. The massive Clinton limestone is of a uniformly 
persistent character. Beneath the Clinton beds occurs a series 
of Medina rocks having a thickness of about eighty-five feet. 
These are composed mostly of red and mottled shales, having 
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interbedded with them various layers of red and mottled sand- 
stone, though the upper layers of sandstone may be white. These 
beds are very much jointed vertically, as well as laminated 
horizontally; and while the sandstone layers in some places 
reach a thickness of four feet or more, in the distance of a few 
yards, they are broken up into thin layers with intermediate 
bands of shale. (See illustration of such beds, Plate xxr. a, 
page 157.) The formation is one that is perishable, and seems 
to be very little strengthened by the harder layers, which are 
both laminated and jointed. From the top of the Clinton 
there is a depth of about 110 feet to the base of these more 
fragile rocks, which rest upon the bed of Medina gray sand- 
stone, which has a thickness of from fourteen to twenty feet. 
This last is a resisting, durable band; but on aceount of the 
laminations, due to false bedding, being opened by weathering 
and frost action, it does not seem to be so imperishable as the 
massive limestones, but sufficiently so to give rise to topo- 
eraphic features. Beneath the gray band is the Medina red 
shale, with mottled layers, reaching to a depth of many hundred 
feet below the deepest part of Niagara river. Accordingly, 
when once the sandstone is removed, the excavation progresses 
rapidly until the force of the currents of water is counteracted 
by the depth of the river. 

Among the first soundings which I took above the line of 
the American falls it appeared that the Medina gray sandstone 
had arrested the force of the river. Thus there was found a 
depth of only eighty-four feet to the terrace in the middle of the 
gorge, at 950 feet from the apex. By calculation, the top of the 
Medina sandstone band was thought to occur at about ninety 
feet below the surface, but this now appears to have been an 
ample allowance for the dip of the stratum, as in these violent 
currents, removing the finer débris, my sounding of eighty-four 
feet doubtless struck the surface of the gray band (see large 
map). Then to the side of it I found a drowned gorge 108 
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feet below the terrace mentioned (see figure 5, page 58), just 
outside the limit of the foaming waters near the Goat island 
shelf. At this point some of the officers of the ship had ex- 
pected to find a shoal, as indeed I did myself. 


DEPTH OF THE EXCAVATING POWER OF THE PRESENT FALLS. 


In the crest line, at the time of Prof. Hall’s survey, no 
suggestion of such a feature as this deep lateral channel 
appears. At first the V-shaped indentation of the crest line 
represented in 1819 was regarded as having some relationship 
with the deep channei of 192 feet. But the recent soundings 
under the falls, reaching to no more than seventy-two feet, show 
this not to have been the case. Here are unquestionably great 
fallen blocks, but the currents would carry the buoy off the 
higher points as indicated by the scratches on the lead. As the 
depth is only twelve to fifteen feet less than in the river farther 
down, this comparative shallowness seems to be due to the accu- 
mulation of rock, or to the rise of the river floor as occurs on the 
late river bed now exposed near the head of the cove behind 
Wilson terrace at Foster flats, on which floor at the end of the 
cove are great blocks of fallen rocks. In either case it now 
seems that the recession by undercutting is retarded by the talus 
slopes of great blocks; but it is accomplished by the sand and 
smaller stones in the churning cauldron, grinding off the faces 
of the softer shales, thus deepening the bed of the river behind 
and beneath the masses of fallen rock. At this depth the rock 
formation (figure 2, page 48) is composed of red Medina shale 
and mottled sandstone. There may be accumulations of twenty 
to thirty feet of fallen masses, among which erosion is occurring 
to possibly the lmit of the heavy band of Medina gray sand- 
stone; so that the excavating power of the falls may not be 
limited to eighty feet, but may reach 100 feet beneath the sur- 
face of the water. 


The present reduction of the excavating power of the falls 
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is in part due to the changing direction of the gorge, leaving 
the course of the pre-glacial channel and turning at right angles 
to it. This feature is confined to the recession of the last 
1,000 feet, since Hennepin first saw the falls. But it does not 
account for the very deep channel which demands a lower level 
of the river, fifty feet of which is dammed by the recent rise 
of water at Whirlpool rapids. Here then arises the question, 
are the Whirlpool rapids so recent? This will be answered 
later. 


CHAPTER VII. 


ROCK STRUCTURE IN THE GORGE, 


Thickness of strata and table of Effects of dipping strata on the 
elevations. river. 
Dip of strata. Irregularities of capping strata of 


Niagara limesvone. 
THICKNESS OF STRATA AND TABLE OF ELEVATIONS. 


Kvery one who has visited the falls can see that the same 
great ledges of rock rest at some places horizontally, and at 
others slightly rise or dip. The general thickness of the for- 
mations and their character was long ago one of the subjects 
in the study of the Niagara district, which gave the name of 
Niagara formation to the upper beds of limestones and shales. 
I beheve that the first differential measurements for the pur- 
pose of determining the effect of the strata upon the recession 
of the falls were made by myself and appeared in ‘ Dura- 
tion of Niagara Falls,’ published in 1894,* but the measure- 
ments given were partly barometric, and not sufficiently 
accurate for the greater detail of the present work, which is 
based upon instrumental determinations. + 

The measurements of the different rock formations are 
taken from various points so as to bring out the characteristics 
of the beds, as to their thickness, and their dip or slope, which 
have an effect upon the recession of the falls. These data are 
plainly expressed in the following table, which is also the 
basis for showing the rock formations in the various sections. 
They also serve for determining the direction and amount of 
dip of the different strata throughout the course of the Niagara 


gorge. 


* Amer. Jour. of Sci., Vol. XLVIII., page 457, 1894. 

+ These determinations were made by levelling at various points by 
this survey and by triangulation of certain inaccessible strata in the gorge 
by Mr. George A. Rucker, and by measurements of different power com- 


panies. 
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TABLES oF ExevaTions or Srrata In NIAGARA GORGE. 
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Top of Clinton thick band at Portal of Niagara Falls Power Company 
145 feet above Lake Ontario, 

Figures in parentheses are interpolated; others observed. 

From the mouth of gorge to Whirlpool and to Grand Trunk Railway 
bridge dip is 1 in 200. South 60° west. 

Between Ontario Power Company’s shaft (near their power house). Intake 
of New York Niagara Company, and Hlectrical Development Company’s pit, 
the dip is 1 in 160. South 25° east. 

Between Ontario Power Company’s power house, the north end Cana- 
dian Niagara Company’s pit and the south end Electrical Development Gom- 
pany’s pit, the dip is 1 in 110. South 25° west. 
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DIP OF STRATA. 


From the information given in the tables, and also shown 
in figured sections, it can be determined that the average dip 
of the strata from the mouth of the gorge to the railway bridges, 
or above, has a direction of south 60° west, amounting to one 
in two hundred or only twenty-six feet per mile. Before col- 
lecting all this information regarding the dip of the rocks it 
had been observed that the beds were disturbed at Hubbard 
point, a short distance above the railway bridges. (See Plate 
XVI. B, on page 117.) Indeed this point was a critical one 
in the history of the falls, as will be seen further on. From 
here southward there is a general average dip of one in one 
hundred and sixty, south 25° east, or about thirty-three feet 
per mile. rom exposures in Victoria Park, and from the 
borings of the power companies, a local dip of one in one 
hundred and ten, south 25° west, is found. It is a thrust or 
twist, the axis of which crosses the gorge in the vicinity of 
Hubbard point, where the highest ridge of Niagara limestone 
is found. 

From these very dry details, a reason appears for the ex- 
istence of the ledge at the First cascade extending from Goat 
island to the Canadian shore. It has substantially a hori- 
zontal surface, except where broken near the western end 
by the beginning of the ancient valley passing under the 
adjacent drift hills. This gives rise to a broad and relatively 
shallow river of uniform depth. This ridge forms the First 
cascade and is in reality the rim of the Erie basin, over which 


the waters are passing out. 


EFFECTS OF DIPPING STRATA ON THE RIVER. 


From Niagara falls in a stretch of shghtly more than two 
miles to the railway bridges the strata rise sixty feet, with 
variations in the dip of the beds owing to the change of direc- 
tion of the gorge. From the railway bridges to the Whirlpool 
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the beds are horizontal so far as one sees, but in reality they 
dip slightly crosswise of the river, tending to throw the deeper 
waters on the Canadian side. After passing this mile of dis- 
tance the river turns at right angles at the mouth of the Whirl- 
pool, and obliquely crosses the sloping beds. Below this, the 
gorge extends for a mile and a half to Devils Hole, in which 
distance the beds rise thirty-five feet. Here the cafion turns 
at a sharp angle and extends in a direct line to its mouth two 
miles below. Along this portion of the worge the strata rise 
forty feet more, but at its mouth they occur about eight feet 
higher on the eastern side than on the western side. 

The character of the rocks has, in a general way, been 
deseribed when considering the formations beneath the falls. 
There is a remarkable regularity in the thickness and character 
of the different formations, except that the upper limestone 
grows thinner on passing northward towards the edge of the 
‘mountain.’ On the other hand, where the upper limestone 
should have been thickest, its surface has been deeply denuded, 
forming ancient valleys, buried by drift where this has not 
been removed. 

These valleys have had more to do with modifying the rate 
of recession of the falls than the variable thickness of the lime- 
stone. Beneath the capping bed of Niagara limestone there 
appears to be no reason for the rate of recession of the falls 
being modified by the changing character of the underlying beds 
themselves. On proceeding downward, the lower strata, in the 
cafion rise, besides which the slope of the river descends. Con- 
sequently, the effect upon the falls of the various harder or 
softer beds is determinable at any point, and really depends 
upon the height of the falls at any particular place, ae the 
volume of water remains constant. 

At the present time all of the Niagara and Clinton forma- 
tion have been penetrated. yen beneath the falls themselves 
the hard bed of Clinton limestone, having a thickness of eight 
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or nine feet in one layer, is only twelve feet above the surface 
of the river; but here all the underlying beds have been re- 
moved to the hard band of Medina gray sandstone which forms 
part of the floor of the river. This bed rises and the river 
descends so that it constitutes the formation at the mouth of 
the Whirlpool both above and below its surface. From this 
point on it can be seen to rise until it has a height of 133 feet 
above Lake Ontario at the western side of the mouth of the 
gorge. 

Everywhere below the Whirlpool the river flows on the shaly 
beds of the Medina series. But this was not always the case in 
the history of the river, for at times both the hard Clinton 
limestone and the Medina gray sandstone gave rise to sec- 
ondary falls which later were united with the main cataract. 
There is a tendency in these formations to produce three cata- 
racts, as at DeCou falls a few miles to the west, and at Swazee 
beyond in the ‘Short hills.” A more notable case occurs in 
the Genesee river, at Rochester, where there are three cataracts. 

The narrows of the channel passing by Foster flats are 
occupied by impetuous rapids below the level of the sand- 
stone, and these are due to obstructions by great rocks of 
limestones and sandstones which have fallen into the river. 
Even the Whirlpool rapids might be expected to owe their 
origin in part to the Medina band producing a cataract, but 
here the still deeper channel refilled by the fallen blocks of 
limestone has been found, showing such was not the case. 

The Clinton formation beneath the sixty feet of Niagara 
shale is composed of about twenty feet of limestone overlying 
five or six feet of its own shale. As the upper member of this 
is generally composed of a very compact limestone in a single 
bed of eight or nine feet in thickness, it gives rise to a very 
strong topographic feature, so that everywhere in the gorge 
it stands out and forms a shelf receiving the crumbling débris 


from the overhanging beds. That this formed the floor of a sec- 
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ondary falls there is ample proof in the Wilson terrace and 
Smeaton ravine, features of so much importance that they will 
be considered in separate chapters. 

The large terrace of Foster flats is a remnant of the old 
river bottom underlaid by the Medina sandstone, from which 
farther down the gorge the third cataract descended. 


IRREGULARITIES OF CAPPING STRATA OF NIAGARA LIMESTONE. 


The capping band of Niagara limestone at the outlet of the 
cafion is reduced to a few feet in thickness, although the 
formation attains 140 feet or more at the head of the rapids 
above the falls. As stated before, this thickness is greatly re- 
duced in the trough adjacent to the falls in Queen Victoria 
Park on one side, and at Goat island on the other. This Falls- 
Chippawa trough was cut to a depth of sixty or eighty feet into 
the rock surface of the country, while in the vicinity of Hub- 
bard point the Niagara limestones attain their greatest eleva- 
tion, forming Lyell ridge transverse to the course of the river, 
to a height of from sixty to one hundred and ten feet above the 
trough mentioned. Although the ridge is high, the canon 
has dissected it. Add to this irregular surface feature the 
buried Whirlpool-St. David valley, there might be found causes 
for great variation in the recession of the falls due to topo- 
graphic features. Below the Whirlpool and also near the end 
of the cafion other transverse rocky ridges, of no considerable 
height, have to be crossed. 

From what has been observed there is little in the structure 
of the rocks which would give rise to great variation in the 
recession of the falls during any period of constant height or 
moderately uniform discharge in the volume of the river. The 
inferior height of the falls at the mouth of the gorge should 
compensate for the effects of thinner hard capping rocks. The 
variations in the recession of Niagara, when considering the 
question as a whole, are dependent upon the changing volume 
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and descent of the river, and upon the crossing of higher rock, 
or buried valleys, due to the ancient topography of the region. 

The rock structure, as old geological formations, might be 
reviewed as a separate subject apart from its effect upon 
Niagara river. Knowing the general character of the forma- 
tions in relation to the gorge, the next step is to see what 
work has been done by the river at different points regardless 
of the causes. 
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CHAPTER VIII. 


CHARACTER OF THE GORGE EXCAVATED BY 
NIAGARA RIVER. 


Preface. Smeaton ravine. 
Deep channel beyond end of gorge Foster reach anid Devils Hole. 
and drowned rapids or falls. Whirlpool rapids reach. 
Lower reach of the gorge sections. Falls reach. 
PREFACE, 


Since men began to think seriously as to the origin of the 
gorge which is headed by the cataract of Niagara falls, few 
people supposed the cafion was due to other causes than exca- 
vation by the falls. Even as far back as 1789, at a time when 
the antiquity of the earth was almost entirely discredited, 
Andrew Ellicott hazarded an assumption as to the time that the 
falls had taken to recede from the mouth of the cafion to 
their site at that time.* Over half a century later a disting- 
uished geologist attributed the formation of the gorge to fault- 
ing and fissuring of the earth’s crust; but this was at a time 
when the theory of faults was resorted to as a cloak for 
ignorance. 

The idea that Niagara falls had a beginning pre-supposed 
that the waters’ of Erie were once scarcely above the level 
of Lake Ontario, which were afterwards lowered. As far back 
as 1837 Mr. Thomas Roy} measured old beach lines about 
Lake Ontario which indicated that the water of that lake had 
been as high as that of Lake Erie. Later Prof. R. Bell of the 
Geological Survey described, at the head of Lake Ontario, the 
occurrence of high level beaches.t This was further amplified 
by the writer in 1882.** 


*Tocality cited page 20. 

+In ‘Geology of Canada,’ 1863. 

+In ‘Geology of Canada,’ 1863. 

*** Geology of Region about western end of Lake Ontario,’ J. W. 
Spencer, Can. Nat., Vol. X., 1882. 
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The specific application of the former higher lake level to 
the reduction of the descent of the falls, and the subsequent 
calculations of the diminished excavating power, did not appear 
until in my paper, ‘Duration of Niagara Falls,’ which was 
published in 1894,* In the paper referred to I gave but little 
prominence to the height of the falls at their birth, but mainly 
considered the level of the lake when it was 135 feet higher than 
now. The omissions in that paper are now filled in. In antici- 
pation it may be said that I made a survey of the river channel 
and marked its boundaries as they were just before the birth of 
the falls. 


DEEP CHANNEL BEYOND THE GORGE—DROWNED RAPIDS. 


The first section across Niagara river is taken at a point 
about 1,800 feet below the outlet of the gorge. Here the chan- 
nel was not made by the cascading of the waters from the table 
land of the Niagara plateau, or from the Medina sandstones 
now protruding from the side of the escarpment, as the section 
is much beyond the former limit of the falls. At this point 
the banks of the river are from sixty to seventy-five feet in 
height, with higher slopes of the land immediately beyond, 
rising to 100 feet or more. The rock formation is Medina red 
shale. ‘The breadth of the river is about 1,200 feet, and the 
western half of the floor deepens to ninety feet below the sur- 
face. (See figure 13, page 73.) 


This floor is trenched by a narrow gorge reaching to 183 
feet below the river surface or over 300 feet below the adjacent 
plain of red shales. This inner channel is from 200 to 300 
feet in width. The small river flowed in this when the waters 
of Ontario stood at 180 feet or perhaps more, below their 
present level. The subsiding of the Ontario waters brought 
into existence a lower fall cascading from the Medina sand- 


stone, and the now drowned rapids, below the new falls, exea- 


* Am, Jour. Sci. cited before. 
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vated the channel to this depth. The deepest known soundings 
below this point did not exceed ninety-six feet, so that the 
discovery of this river channel is very important as proving that 
at a time long after the birth of the Niagara falls the descent 
of the river became 180 feet greater than now, or perhaps even 
more, as the subsequent refilling may have obscured the deepest 
part. 


THE LOWER REACH OF THE GORGE SECTIONS. 


The Niagara gorge commences at Queenston and Lewiston 
where the Suspension bridge crosses its outlet. At about 600 
feet within it the section shown in figure 14 is situated. 


NTN Roy Terrace 


Scale 2192 290300 Fee 


Fig. 14. Section of Niagara gorge, about 600 feet within itsend. R. %., 
river surface; L. O., level of Lake Ontario ; N. 1., Niagara limestone; N.s., 
Niagara shale; ©. 1., Clinton limestone ; R. M., red Medina shale and sand- 
stone; g. M., gray Medina sandstone ; M. s., Medina shale. Longitudinal 
and vertical scales the same. 


It is 1,350 feet wide. Upon the western side is Roy terrace, 
under Brock’s Monument, at a height of 285 feet, and having a 
breadth of about 300 feet, with the plateau rising to 340 or 
345 feet beyond. The terrace was the river floor at the birth 
o: Niagara falls, and its height and features will be described 
in Chapter xv. The river at the bridge is over 600 feet wide, 
and 750 feet just above. It reaches to a depth of 150 feet at 
a point a quarter of a mile within the cafion, while the surface 
of the river cannot be more than three or four feet above Lake 
Ontario. At Brock’s Monument the ground is 329 feet above 
the lake. The talus slopes are 300 to 400 feet or more in width, 


extending from the base of the Niagara limestone (which is 
les 
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here. only twelve feet thick, increasing to twenty or thirty feet 
immediately beyond the edge of the chasm), and sloping to the 
water’s edge. At this point there are little ravines in the upper 
beds on each side, but these do not pass beyond the stage of 
gullies. . 

At about 7,000 feet from its mouth the cable of the Ontario 
Power Company crosses the river. Here the cafion is 1,145 
feet wide, while the river has a breadth of only 480 feet. The 
ground at the edge of the gorge is 318 feet above Lake Ontario, 
while the depth of the river is sixty-three feet, or fifty-three 
feet below lake level. This first reach of the Niagara canon 
extends above Niagara University in a nearly direct line for 
a distance of 9,000 feet from the mouth of the gorge (I—I on 
map), having a southward course. Here it bends sharply west- 


ward. 


SMEATON RAVINE. 


The occurrence of this curious feature for a long time 
seemed inexplicable, but it eventually proved to be a record in 
filling an intermediate gap in the earlier history of the Falls of 
Niagara. It is situated 4,000 feet above the mouth of the gorge 
and is a true caion 500 feet long and 150 feet wide, bounded 
by the perpendicular walls of Niagara limestones, over the 
shales, which in the deeper part of the ravine are covered by 
talus, sloping downward to the band of Clinton limestone, at 
the depth of about 90 feet below the surface of the country. 
This band of limestone, however, has itself been incised for a 
distance of fifty feet within the brow of the gorge, but being at 
lower level it is actually trenched for a length of 200 feet. 
From the Clinton band is now a little fall of thirty-five feet 
with rapids below to fifty feet, or to a level of 175 feet above 
the lake. 

At one time Smeaton ravine must have been supplied by a 
stream of nearly fifty feet in width. To-day there is only an 
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intermittent supply of water such as occurs after heavy rain- 
falls. ven this has not been able to make a shallow channel on 
the rock surface exposed above. 

It is shown on the map how the western bani of the original 
river sweeps around a lake-like expansion and just incloses 
Smeaton ravine. Also that above this is an insular bank 
of river deposits, or a bar, in mid-lake, which was sketched 
on the map after levelling its height, so that it may extend a 
little farther than shown. 

When Niagara falls had receded to Smeaton ravine the 
stream was flowing behind the island shown on the map. This 
produced a cross-fall. As Niagara falls receded the expanded 
river channel became drained, after they had passed some 
distance above the island, owing to the supply of water for the 
eross-fall being cut off. This did not probably occur until 
Niagara falls had reached the angle of the cafion, some 4,000 
feet above Smeaton ravine. At any rate the falls must have cut 
back a long distance before the cross-fall ceased to flow. 
The modern American falls have cut back not more than 200 
feet in 600 years, since the two cataracts parted company, 
with seven per cent of the whole river discharge descending 
167 feet, or lately somewhat more. The Smeaton fall had 
only a very small proportion of fifteen per cent of the present 
volume. 

There is another side to its history. The Clinton lme- 
stone in the ravine is only trenched at its lower end. This 
shows that the level of the river was at about that of the hme- 
stones, else Smeaton fall would have had a greater descent, and 
algo that the second cataract of the great river had just reached 
this point when the Smeaton fall ceased to exist, leaving only 
the deep lateral cafion. In this ravine is preserved the evidence 
of the height of the upper cataract during a mid-portion of the 
Erie stage of Niagara falls, while the terraces at the mouth of 
the gorge and at Foster flats record its height in the earliest 
and latest parts of it. 
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THE FOSTER REACH—DEVILS HOLE. 


From the point beyond the bend of the river mentioned, 
Reach number 2 (II—ITI on map), extends to the outlet of the 
Whirlpool a farther distance of 8,800 feet, or 9,400 feet to the 
centre of the Whirlpool gorge. The Whirlpool expands so that 
in an oblique direction the line mentioned would extend another 
thousand feet in length to the opposite edge of the gorge.. This 
addition, however, cannot be made to the medial length of the 
canon. 

This second Reach is perhaps the most important of any 
stretch along the course of the Niagara river, and at the same 
time is the most complex. The original Niagara river, outside 
of the gorge, has been surveyed by myself throughout this 
region. It widened out into a small lake along the upper part 
of Reach number 1 (see large map), as hag been described 
when treating of the Smeaton ravine. So also the gorge in the 
second Reach broadens to even 1,750 feet and incloses Foster 
flats, but this is independent of the outer surface channel. 
Some of the changes in the physics of the river were described 
in a paper published in 1894.* 

Devils Hole, which is a cave some five by seven feet at its 
outlet, in base of Niagara limestone, opens into a_ strongly 
carved lateral cafion, but smaller than Smeaton ravine. 

Foster flats is 3,600 feet long, the lower end beginning at 
2,300 feet above the end of Reach number 1. At its upper end is 
a remarkable little bay called Cripson or Fisherman Eddy. 
The river is reduced to a breadth of 280 feet at the narrowest 
part of Foster rapids, although it has a width of 900 feet 
immediately above. 

At Foster flats there is a remnant of a terrace proper which 
once formed the floor of the river. Here is also Wilson terrace, 
where there was a cataract from the Clinton limestone. Over- 
hanging it is Wintergreen flat, a remnant of the old floor 


** Duration of Niagara Falls,’ Am. Jour. Sci., Vol. XLVIIL., p. 464, 1894, 
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of the Niagara river from which the main falls formerly cas- 


caded. Figure 15 is a section at this point. 


aLly refilled 7” 


channel 
, 


Fig. 15. Section across gorge at Foster flats. (Legend as before). 
W. T., Wintergreen terrace; W. P., Wilson point, a projection of the 
terrace of Cliton limestone, from which a ridge surmounted by huge blocks 
extends to the river. 


In the gorge below Foster flats the soundings show a maxi- 
mum depth of sixty-three feet, or fifty-three feet beneath the 
level of Lake Ontario. Accordingly the channel here is six 
feet higher than above the Foster flats. The deepest point be- 
low may not have been found, but although so nearly that of 
the section below the outlet of the Whirlpool, the history of the 
channels at the two points has been entirely different. Nor is 
there here a deeper inner channel. It is quite possible that 
the real bed of the channel in front of Foster flats has a less 
depth than the river above, but it is re-occupied with great 
blocks of fallen rocks, such as those on the bank adjacent to 


Fig. 16. Section of the gorge a quarter of mile below mouth of Whirlpool. 


these narrows, at a point a short distance from their head, 
where the piles of detached blocks extend to the river edge, 
indicating sufficient material for any amount of obstruction, 
and now sufticient for holding the water twenty to twenty-one 
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feet higher than below the flats (see figures 15 and 28). Owing 
to the velocity of the current among these boulders the depth of 
the rapids is immaterial, as it has no bearing on the excavation 
of this part of the cafion. Above Foster flats the elliptical form 
of the gorge contracts to one of uniform breadth of about 1,250 
feet. The section of the cafion, between here and the Whirl- 
pool, is given in figure 16. 
WHIRLPOOL-RAPIDS REACH. 

The old river banks are shown at the mouth of the Whirl- 
pool. These, however, come under the study of those of the 
original river channel. At the mouth of the Whirlpool, the 
gorge is 900 feet in width, and here the river is only 460 
feet wide. The Whirlpool gorge is widened out to the maxi- 
mum breadth of 1,750 feet, while that of the cauldron at the 
water’s edge is 1,150 feet across. The basin is an extension of 
a thousand feet to what would be the natural river course, now 
forming an eddy or tributary to the river proper, appearing as 
if it had been the old channel of the river itself. 

The head of the Whirlpool is bounded by banks of clay, 
sand and gravel to a height of nearly 300 feet above its surface. 


(See Plate xr. a on page 67.) <A cross section is shown in 


‘ } = 


=o 


Seale 2100 _290 300 Fee 


Fig. 17. Section across gorge at Whirlpool, between Thompson point 
and Colt ravine. Broken line shows river bottom outside this line. 


‘figure 17, where the maximum depth of the Whirlpool is 102 
feet, but in the river just outside 126 feet were found without 
the greatest depth of the river being measured (p. 64). This 
shows a depth of seventy-nine feet below lake level, or twenty 
feet more than that of the river between the Whirlpool outlet and 
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head of Foster flats; and only eight to fifteen feet less than 
the greatest depth of the upper channel, which might also be 
expected here if the lead could be sunk 200 or 300 feet beyond 
the last point sounded. Immediately above the Whirlpool (at 
Sinclair point), the gorge is reduced to a breadth of 1,000 feet, 
but just beyond there is a short expansion to 1,200 feet. 
Then the gorge rapidly contracts to form the Narrows of the 
Whirlpool rapids. Here the chasm is reduced to 750 feet or 
less, while the channel itself is contracted to 850 feet in width. 


Bea on 
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Fig. 18. Section across Whirlpool rapids at narrowest point, a third of a 
mile below Grand Trunk bridge. (Legend as before). t t, Original river 
limits; a, lower pre-glacial rock terrace. 


All these features are in Reach No. 3, which extends from 
the end of the Whirlpool in a sweeping curve to a point 500 
feet above Cantilever bridge, or for a total length of 6,200 feet 
from the middle of the river proper at the Whirlpool (111.-1v.). 
In passing upward from Reach 2 to Reach 38 the course of the 
gorge bends no less than 110° toward the southeast. Here 
is a section of the river which has attracted much attention. 

More than sixty years ago Sir Charles Lyell thought that 


oe 
ri 


he* recognized in the Whirlpool extension of the gorge the 
course of an ancient Niagara river. That it was the course of 
an ancient stream is certain, but it was not that of a Niagara 
river draining the Erie basin in pre-glacial times.+ 


At the Cantilever bridge the river shows a maximum depth 


* Travels in North America’ (1841-42), Sir Charles Lyell. Also Proc. 
Geol. Soc., Lon., Vol. III., 1841, Ib., Vol. IV., 1843. 

‘+ Discovery of Preglacial Outlet of Lake Hrie,’ Proc. Amer, Phil. Soc., 
Phila., Vol. XIX., 1881. 
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of eighty-six feet and a buried channel extends to 185 feet below 
its surface. (See figure 21, Chapter x11.*.) Above the surface 
of the water the wall of the gorge rises 208 or 210 feet. Along 
this reach, while the gorge is reduced to such a narrow pro- 
portion, the old banks are strongly marked and show that 
the river had a breadth of 1,500 feet before the waters were 
concentrated within the narrow chasm. ‘This feature proves 
that the constricted gorge was not entirely due to the shrink- 
age of the river at this point. These matters will be discused 
when considering the channel of the Whirlpool rapids. 


THE FALLS REACH. 


Above the railway bridges is another bend in the course of 
the gorge where it turns 40° westward, and extends thence 
in a direct course to the crest of the Canadian falls. It sud- 
denly widens out from the end of Reach 3 (here 840 feet 
broad) to an average breadth of 1,300 feet. This width is, 
however, varied slightly, being reduced to 1,200 feet at Hub- 
bard point, and increased somewhat opposite the American 
falls, as would be expected. Above the American falls it is 
again reduced so that the gorge has a breadth of 1,200 feet 
between Goat island and the western walls below the line of the 
Canadian falls. This is Reach ‘No. 4 (above Iv. on map), 
and has a length of 12,000 feet, but it bends towards the apex 
so that the length may be slightly mereased. Thus the length 
of the cafion is about 36,600 feet from the Queenston Suspen- 
sion bridge or about 36,200 feet from the brow of the escarp- 
ment. 

After passing the end of Reach 3 the sudden widening of 
the gorge indicates a marked change in the history of the 
falls. Besides the uniform breadth the greatest depth to near 
their site is constant. This suggests that there was no material 


variation in the effective height of the falls in this portion of 


*See Chapter XII. on Whirlpool rapids, showing section of boring. 
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the cafion. At Swift Drift point, 3,700 feet, and Hubbard 
point, 4,500 feet above Cantilever bridge, the gorge is slightly 
narrowed to less than 1,100 feet with a basin 200 feet wider 
between these points. Here the rocks are distorted, but frag 
ments of the old river banks show that the river maintained the 
full breadth of 1,300 feet, although the gorge itself is somewhat 


narrower. 


——— Bee pana. Pe 
ee 


Fig. 19. Section across Gorge at Hubbard point. (Legend as before.) 
r., Remnant of terrace once a pre-glacial floor of the trough through Lyell 
ridge. 


It would seem that there has been an average uniform reces- 
sion of the falls throughout Reach No. 4 until approaching their 
present site. The surface of the river is about 100 feet above 
Lake Ontario, and the depth from 186 to 192 feet. The river 
itself has a breadth varying from 750 to 1,000 feet; in front 
of Hubbard point it is nearly 800 feet, though at Swift Drift 
point it is scarcely more than 500 feet wide. These are im- 

_portant features in considering the origin of the Whirlpool 
rapids gorge, and also the Falls-Chippawa trough. 

At this point, also, it is found that the river crosses the 
highest ridge of limestone occurring anywhere along its course. 
The width of the cafion in front of the American falls reaches 
its maximum of 1,600 feet, which is due to frost action, and the 
broadening effects of the American channel. (See figure 6, 
page 58.) Above the Upper Arch bridge, near Carter cove, 
(see Plate xxxvimt. B) is the end of the drowned terrace which 
extends thence to the falls (see figures 3, 4 and 6), though 
incised by a very deep channel. 


108 VALLS OF NIAGARA [Geol. Surv. 


The last cross-section of the gorge (figure 20), is one from 
Goat island, over the Goat island shelf, and extends to near 
Table Rock. This shows the terraced river bottom with the 
deep channel, near the eastern side of the gorge. (See also 


longitudinal section, figure 3, page 50.) 


Goat Island 


Table Rock 


Fig. 20. Section across gorge from Table Rock House to Goat Island 
shelf, showing submerged terrace and deep channel ; also, rock floor of Falls- 
Chippawa basin at Table Rock House. 


This deep channel opens out into the wider one below the 
American falls and Carter cove, after passing the upper sub- 
merged terrace. The height of the rock wall here is about 160 
feet above the river, while it is nearly 220 feet at Hubbard 
point, and the rock surface on Lyell ridge a short distance back 
from the chasm rises to 270 feet. 


CHAPTER IX. 


ORIGINAL BANKS AND BED OF NIAGARA RIVER. 


Outlet of Lake Erie and the Upper From Smeaton ravine to end of 
reach of Niagara river. canon. 

Caflon reach above and below the From mouth of gorge to Lake 
Whirlpool. Ontario. 


OUTLET OF LAKE BRIE AND UPPER REACH OF RIVER. 


The character of the river above the falls has changed very 
little since the separation of the waters of Lake Ontario from 
those of Erie, when Niagara became an established river. 
Although this is the case the river is not such as should be ex- 
pected from the features of the underlying rock surfaces. It is 
found that its depth reaches fifty-three feet, at a point two 
miles below the outlet of Lake Erie. This depth is reduced to 
from seventeen to twenty-four feet through a ridge of Cornifer- 
ous limestone, which rises sixty feet on both sides of the river, 
half a mile away from its present banks, while some miles west- 
ward the rocky rim on the northern side of Lake Erie is very 
much lower. The Corniferous ridges had been dissected long 
before the birth of the river, as is further shown beneath the 
International bridge where one of the piers rests upon a glaci- 
ated surface at the depth of forty-five feet. The river at this 
point is 1,850 feet across, but at a recent stage, when five to 
twelve feet higher, it was nearly double that breadth, as shown 
by the now raised flats at the town of Fort Erie. This terrace 
belongs to the history of the river when the stream was first 
coursing across the rolling country with poorly defined banks, 
flooding the estuaries and leaving a suspicion of terraces at 


many points at about 340 feet above Lake Ontario. 
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From Fort Erie (12,000 feet from the lake), the distance to 
the rim above the Upper rapids along the western channel is 
seventeen miles, while along the eastern channel it is somewhat 
farther. Its breadth varies from 2,000 to 3,000 feet, and while 
its depth is rendered irregular by bars, the soundings show it 
to be thirty-three feet or more at points throughout the south- 
ern half of its course, although it is reduced to some twenty 
feet among the bars which cross the river at the mouth of the 
Chippawa creek. The country is a low plain, much of it 
rising no more than from ten to twenty feet above the lake. 
Indeed, if the surface of the river did not descend to nearly 
fourteen feet below lake level, at the head of the Upper rapids, 
it would turn the creeks at Chippawa and Tonawanda, with 
their tributaries and other low places, into extensive estuaries. 
This low country is slightly modified at a point from two to 
three miles south of the Upper rapids where the land rises 
nearly fifty feet above it, or forty feet above the lake. Simi- 
larly elevated ground appears on Grand island. 

There must have been a slight depression in this ridge, like 
that in the Corniferous belt near Lake Erie, else the waters 
would have been diverted to a more western course. Below 
Grand and Navy islands the two arms of the river unite, and 
although it somewhat widens it is again reduced just below 
Chippawa. <A greater breadth formerly obtained when the 
waters passed over the projecting flat point now forming the site 
of Niagara Falls, New York. 


The rocky barrier obstructing the upper Niagara basin is 
shown by the line of Greens or First cascade of the Upper 
rapids, (see Plate x11. B, on page 77). The now uncovered 
rock floor composed of Niagara limestone, as seen at the upper 
end of Goat island, is 313 feet above Lake Ontario, while at 
the lower end of the island the underlying rock surface is only 
265 feet. The floor of the river at the Ontario Company’s in- 
take, in front of Dufferin islands, is at 306 feet. Where the 
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river sends a branch round Dufferin islands the rock passes 
under the drift, which at the southernmost bridge is 299 feet, 
while at the elbows behind the island, the slope descends to 
286 feet with the buried valley still further declining west- 
ward under the drift, as shown by borings beyond the river 
under the floor of ‘the Park adjacent. Throughout this region 
there are heavy hills of drift which rise above the former river 
banks behind Victoria Park to a height of from 375 feet to 400 
feet above Lake Ontario, while about a mile distant in Lundys 
Lane a point of 465 feet is attained. 

To the east of the river behind the point of land occupied by 
the city of Niagara Falls the altitude reaches 360 feet or more 
while on the lower plains there are some pronounced hilly ele- 
vations. These form a third ridge across the course of the 
original river, in which there was an ancient depression that 
permitted the first stream of Niagara water to flow from 
Lake Erie to the lower basin. It must have been less than 
thirty-six feet above Lake Erie else the waters of the upper 
lake would have coursed through a channel in the vicinity of 
Welland canal. The difference of altitude at the two localities 
was perhaps even less than five feet, but this slight amount 
caused the-Niagara river to have its present location, in place 
of the outlet of Erie being situated near the Welland canal. 


CANON REACH ABOVE AND BELOW THE WHIRLPOOL. 


The feature of the Upper reach of the river, with a breadth 
of more than a mile, trending almost westward, abruptly 
terminating at Goat island and passing over the side of 
a narrow transverse valley at right angles to it shows a remark- 
able change in the physical conditions. Here at the end of the 
upper broad valley the American falls plunge over the eastern 
side of the gorge, on one side of the precipitous walls in front 
of Goat island, on the other the Canadian falls, in front of 
the widest angle of Victoria Park. 
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This view is represented in the panorama on Plate Xtv. 
(on page 81). In it is also seen the eastern bank of the Falls- 
Chippawa valley, which has been uncovered by the rapids cross- 
ing it. ‘The smoother water shows the deepest part of the pre- 
glacial channel. The apex of the falls is now cutting back and 
across the old bank, and this tends, to redute the recession of 
Niagara falls as mentioned on page 41. So long ago as 1841 
Sir Charles Lyell attributed the rapids to ancient topography 
buried beneath the drift. 

The modern Niagara river, after establishing its course 
along the Upper reach, swung round over the buried valley, 
whence its general course was determined by the low surface 
depressions, irrespective of the materials which formed its bed. 
So long as its lower extension was blocked by a rocky barrier 
the buried’ valley produced no effect upon the features of the 
river. The floor of its margin had a level now represented by an 
elevation of 316 above the lake, as may be seen adjacent to 
the intake of the Niagara Power Company at Niagara Falls, 
but the surface of Lake Erie is now fourteen feet higher than 
Greens or First Cascade. 

This old terrace floor passes round an island in the southern 
part of the town, where there is a sharply cut terrace between it 
and the river, opposite Goat island. Through the town this 
old shore line has been obliterated by artificial grading, but it 
reappears beyond, and forms a distinctive feature of a terrace, 
where the Gorge Railway car shed is located, as shown on map, 
diagonally across from Hubbard point. (See also Plate xvr. 
B.) The banks on this eastern side were not generally high. 

On Goat island a deposit of river gravel with fluviatile 
shells occurs near its southeastern quarter having now the 
same level of 316 feet. These deposits were described by Prof. 
James Hall and Sir Charles Lyell more than sixty years ago. 
Prof. Hall had also measured the terraces at this locality and 
compared them with others at Whirlpool point. The terraces at 


Prats XV. 


Protile view of American Falls and Goat Island shelf, with terrace on 
Canadian side. (Winter scene). 


8 113 


i at a 
f =r. ¥ Pal 
mi ; 
f 
L .- 
r bd a <4 
ads 
* 
y bd 
=~ — “os i ehe@ 
a » 4 bes e 7 
* 
s ~ = rs ‘ 
< 
, a) a 
a4 P 7 
& Gl wy 
. at’ - 
7 7 ri 
y 
i ‘ >) 7 i‘ 
x ae . 4 i 
: ‘ Se n ~s oe . 
a ‘ 4 5 
3 ’ , , : 
t 
' 
1 
% 
N ' 
4. me f 
mT ri 
i 
} 9 
f by 
a 
: y 
x 
i. 
ia i 
ey j eerie 
t 1 
‘ 
i 
rn 


me ay 4 
N Reed ane 
, - ss 
, re ; 
Ia 
; i" ’ 
‘ee a? < 
i. ir 
La 
i we io 
, T n 
wh fe a 
ri “ 
a wr 
7 1 1 
~ oo 
nl 5 o 
~ 
y J b 
- ' a 
ss b wh 
~ iia i 
eva’ 6 
ai Ven . 
a) , its 
- mes | 7 
a) 


, ; > 
a Lele 7 
bsnl oy tae j 


oan ORIGINAL BANKS 115 
lower levels did not belong to the original river banks, but 
marked the lowering of the waters at more recent date. 

Adjacent to the falls on the Canadian shore were, at that 
time, high banks of the old river rising to 380 feet above Lake 
Ontario, back of which the country rose in Lundys Lane, a mile 
distant, to a point 465 feet above same datum. The terraces on 
the New York side have been mentioned first, for the reason 
that here is an extensive floor of the original river bed, while 
on the Canadian side, in the subsequent lowering of the waters 
and the removal of the material from the buried valley, the 
river has undermined the old banks, and all higher terraces 
have been washed down to the present river level in the vicinity 
of Niagara falls, to a depth of sixty feet below Hubbard point. 
Thus it is that the high bluffs bounding Victoria Park have a 
height of from 100 to 120 feet. These bluffs are well shown in 
Plate xv. (on preceding page), which is a winter scene. 

From the northern part of the Park reservation the differ- 
ent terraces begin to be recognizable, and continue until they 
reach the vicinity of Hubbard point, where they are abruptly 
cut off by the encroachment of the western wall of the gorge. 
Here at Hubbard point is a remnant of the old floor projecting 
‘outside of the bank of the gorge for a breadth of 150 feet, and 
a length somewhat greater. This is shown on Plate xvr. a. 
Behind this fragment of the old floor, whose inner margin 
is at an elevation of 318 feet, there is a steep bank of a few 
feet. Back of this the hills of limestone rise in a short dis- 
‘tance to a height of 870 feet at the circle in Wesley Park, 
where they are covered by only two or three feet of soil. 
On the opposite side the land has an equal height back of 
the brewery, Plate xvr. 8, and at the site of the new post 
office it is covered by only a few feet of earth. Here the 
river crosses the highest limestone ridge in the whole Niagara 
district; so high that the river could never have flowed by 


this course had the ridge not been much lowered by the pre- 
83 ; 
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glacial depression, where at Hubbard point the old glaciated 
surface was found. (See Plate xvi. a, also map.) It was this 
barrier at Hubbard point which determined the height and the 
level of the river until after the falls had receded past it, when 
the loose earth was rapidly removed from the Falls-Chippawa 
basin to a depth of sixty feet. The lower terraces are features 
of the subsequent history of the river. 

The gorge at Hubbard point is reduced to a breadth of 1,150 
feet and to 1,050 feet at Swift Drift point to the north. There 
is no evidence that the lower pre-glacial valley to the south cut 
to a lower level at the narrows of Hubbard point. Moreover, 
from Hubbard point southward the boundaries of the old river 
rapidly diverge, showing that the pre-glacial valley had a south- 
ward and not northward direction. (See Plate xxir., Chapter 
MIlt.) 

Below Hubbard point, for a half mile or more, the terraces 
on both sides are cut off, as the modern eafion is wider than the 
original valley. (See large map.) Just south of Cantilever 
bridge the gorge rapidly contracts and at the same time the old 
river banks grow wider apart. This feature is shown on map 
and in figure 18 (page 105), which is a cross-section about 
1,700 feet north of the Grand Trunk Railway bridge, where 
also the lower terraces appear. The great terrace at this locality 
is strongly marked as shown on the large map and on Plate xx. 

The bank has been deeply carved out by the currents, thus 
leaving a steep bluff. The inner edge of the floor has a height 
of 316 feet, with bluffs behind over twenty feet higher. Its 
distance from the cation edge is 530 to 560 feet, but this also 
includes the lower terrace from 75 to 125 feet wide, the rock 
floor of which is only 280 feet above Lake Ontario. The upper 
terrace, upon reaching the vicinity of the cove between the 
Whirlpool rapids and the Whirlpool, has been cut off by the re- 
ceding walls of the gorge. . 


On the eastern side of the river this terrace is equally well 


PGAmE XOV I. a: 


View of Hubbard Point (terrace in front of house) at col 
between pre-glacial valleys. 


Prat XVI. B. 


View opposite Hubbard Point (with corresponding terrace in front of point.) 
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defined by the very sharp banks below the old Mount Eagle 
hotel (see Plate xxr. 8), which have a height of more than 
twenty feet above the old floor, with an altitude of 316 
feet at its inner edge. Here also are two lower terraces 
nearer the river, belonging to a later epoch, but the main ter- 
race mentioned extends from the gorge for a breadth of 510 
feet. This, added to the width of the gorge, about 750 feet, 
and that of the terrace floor on the western side, shows that 
the original river reached, at this point, 1,780 feet in width; 
but as this section is somewhat oblique the general breadth is 
about 1,500 feet. While the western bank has been abruptly 
eut off at the Whirlpool, the eastern one is still intact, but 
swings round so that the remains of the old floor have a breadth 
outside of the present gorge of only 150 feet at Whirlpool point. 
It continues for a distance of a few hundred yards beyond the 
outlet of the Whirlpool, where it also is truncated at the edge 
of the gorge. 

At the point mentioned above the Whirlpool, where the ter- 
race is abruptly terminated, the old river had a breadth re- 
duced to 1,250 feet. Its bed was composed of drift which 
filled the buried Whirlpool gorge, on the other side of which 
the terrace reappears, showing a river breadth of 1,500 feet. 
At a quarter of a mile beyond Thompson point the banks show 
the breadth of the old channel to have been 1,400 feet and 
just beyond the terraces are suddenly cut off. At Thomp- 
son point, as well as at Whirlpool point opposite, the lower 
terraces coalesce, and are not so distinctly separable as above 
this locality. Indeed, from below the Whirlpool outlet to the 
mouth of the gorge no lower terraces remain like those above. 
The absence is striking. 

Below the Whirlpool, where the terraces. on the Canadian 
side end, there is a rock ridge which was crossed by the 
Niagara river when it commenced flowing. It surface eleva- 
tion is about 830 feet. However, a few hundred yards 
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beyond, a remnant of the old floor is again seen at Win- 
tergreen flat, where the inner edge has an elevation of 316 feet, 
bounded by a bank fourteen feet higher. This flat, which was 
the bottom of the old river, has, at one place, a breadth of 500 
feet, with its floor declining from 312 to 306 feet. This shows 
that the depth of the river was considerable. Opposite here, on 
the New York side, the encroachments of the gorge have re- 
moved the river bank. 

A short distance below Wintergreen flat the floor of the old 
river re-appears in a lake-like expansion, with an islet covered 
with river deposits of rounded and flat stones in loamy soil. 
Here its edge is not always sharply defined, as the washings 
of the hillside and the cultivation of the soil have obscured 
the original water line. These deposits up to an elevation of 
324 feet approximately represent the old water surface. Their 
elevation at the edge of the cafion is 318 feet above Lake 
Ontario. 

In some places the river deposit has a considerable depth. 
It is ten feet deep where the Ontario Power Company’s cables 
cross the river. North of Foster flats the river expanded into 
a little lake with a breadth of about 3,800 feet. The more 
sluggish character of the currents, and the smaller depth of 
water here, abundantly accounts for the less sharply defined 
western bank, while on the eastern side, which is now the out- 
side of the bend of the river, from Devils Hole to beyond the 
cable crossing of the Ontario Power Company, the bank is more 
sharply defined back of the terrace floor which is from 100 to 
250 feet wide. 


FROM SMEATON RAVINE TO THE END OF CANON. 


Just beyond Smeaton ravine the old river banks contract to 
the brink of the gorge on both sides, where they are again trun- 
cated. Here the river cuts through a rock ridge with an 
altitude of about 330 feet, covered with a clay floor rising 


Prare xX Vil. A. 


View of outlet of gorge cutting the Niagara escarpment (about 330 
feet high with Brock’s Monument, to the right). 


Pinan 2M WALL, 133, 


View of Iroquois terrace, at end of gorge, east side, here 
cut out of Medina sandstone. 
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beyond to 340 or 350 feet. This was the barrier which made 
the expansion or lagoon north of Foster flats. It was crossed 
by the river for a distance of 3,000 feet. 

Beyond this last ridge the distance to the end of the gorge 
is 200 yards with the delta deposit at the end. (See Plate xvi. 
A.) Here the old river floor was about 322 feet higher than 
the present surface of Lake Ontario. 


FROM THE MOUTH OF GORGE TO LAKE ONTARIO. 


At the birth of Niagara falls there was no river below the 
escarpment, for the water cascaded directly into Lake Ontario. 
As the waters receded the river cut across the Medina shale for 
two miles. Beyond that point it flowed over drift clays and 
other material, exposing in places the Medina shale. At its 
lowest level the waters in the Ontario basin receded many miles 
from the present shore, when the deep channel at Queenston 
was excavated. (See Plate xxrx., Chapter xv.) 

From this account of the river banks it will be seen that the 
eurly Niagara river can be traced from Lake Erie to what was 
then the margin of the lower lake, now Lake Ontario, at sub- 
stantially a level which indicated but little slope of its surface ; 
much less than that of the present upper reach. At first it may 
have been little more than a strait with ill-defined margins. 
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CHAPTER X. 


WHIRLPOOL-ST. DAVID BURIED VALLEY. 


Speculation as to its origin. Borings in the channel ; origin of 
Surface features from Bowman modern Whirlpool. 

creek to edge of Escarpment. Character of drift in deep channel. 
Characteristics about Whirlpool Fossil wood buried in drift. 

gorge, its breadth. Breathing well. 


SPECULATION AS TO ITS ORIGIN. 


In treating of the features of the Niagara cafion the ex- 
tension of it now occupied by the Whirlpool has been partly 
described (page 104). The lateral walls are precipitous, the 
same as the other portions of the gorge, but at its head only 
drift banks are seen. (Sce Plate xr. a, on page 67.) The heavy 
band of Medina gray sandstone, (see Plate xxv. B), having 
a thickness of about twenty feet, reaches to ten or fifteen feet 
above the surface of the pool. At the head of the Whirlpool 
the gray band is absent for a breadth of 1,000 feet, while at a 
point between the Whirlpool and the Whirlpool eddy, it.is re- 
moved for less than 600 feet. 

As late as 1841 Prof. James Hall* had regarded the cove 
of the Whirlpool as an eddy in the course of the river, but in 
that year Sir Charles Lyell first recognized it as a part of 
a buried valley, and connected it with the embayment in the 
escarpment of Saint David,+ supposing it to have been the 
course of a pre-glacial Niagara river. In 1881 I first showed 
that the Niagara river was not the outlet of the pre-glacial 
Erie basin. I then supposed that the channel was interglacial. 


* Natural History of New York,’ Part IV., Vol. IV., 1842. 
+ ‘Travels in North America,’ 1841. 
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This idea was repeated as late as 1901 by Dr. G. K. Gilbert.* 
Until the present investigation of the refilled Whirlpool 
rapids, and the discovery of the Falls-Chippawa valley, its 
irue character could not have been known. The idea of any 
portion of the channel being interglacial I withdrew in 1887, 
and even at that time regarded the Whirpool rapids section 
as not representing the ancient course of any considerable 
stream. At that time I said, ‘we are led to the conclusions 
that the course of the Niagara river above the Whirlpool 
and below is mostly of modern origin throughout, and not 
to any extent a drift-filled gorge re-excavated since the ice age.’ 
‘The Saint David valley represents only the water course or 
water courses of local drainage before the ice age.’** For 
some years little attention was given to this channel. In 1886,+ 
Prof. E. W. Claypole pointed out the occurrence of rock high 
up in Bowman ravine at the head of the Whirlpool cauldron. 
Again, in 1894, I measured the height to which these beds 
reached, using the United States Lake Survey topographic chart 
for the position of the stream. This map was very incorrect, 
showing the gully as extending from the middle of the Whirl- 
pool, so that one had to infer that the buried channel was only 
about half the depth now found. Doubt, however, existed, and 
at a meeting of the American Association for the Advancement 
of Science, Prof. H. S. Williams suggested boring to settle the 
question, and offered the first subscription. This was not acted 
upon until 1905, when the work was carried out by the Geologi- 
cal Survey of Canada. The accompanying corrected map is 
from that of Mr. E. Gardner, Provincial land surveyor, ex- 
tended by myself. 

In 1841 Lyell distinguished between the precipitous cliffs 
of the modern gorge and the more gradual slopes of the buried 
channel. These last are capped with limestone having polished 


* Atlas sheet of Niagara. U.S. Geol. Survey. 
** Amer. Naturalist, Vol. XXI., p. 270, 1887. 
j~ Report upon meeting of Amer. Ass. Ad. Sci., Sept., 1886. 
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rounded edges, but their slope never exceeds 45°, and rarely 
more than 30°, while that of the lower shale is much less. 


SURFACE FEATURES FROM BOWMAN CREEK TO EDGE OF 
ESCARPMENT. 


The loose materials at the end of the Whirlpool have been 
carried away by Bowman creek, which has made a deep ravine 
for three-quarters of a mile, in a direct line, in the very slightly 
undulating plain of from 340 to 350 feet elevation above the 
lake. If it were not for the deep gully of Bowman creek and 
its branches, there would be no trace of the buried valley upon 
the surface of the country. Beyond the head of this creek no 
further evidence of the valley appears above the ground which 
rises slightly higher. However, at about two miles from the 
headwater of the Whirlpool, the country becomes broken by 
several deep ravines among hills of drift covering the face of 
the Niagara escarpment, where it bends behind the village of St. 
David, but there is no St. David valley proper. 

The country to the northeast of the buried valley is slightly 
rolling, as far as the brow of the escarpment, and covered with 
a clay surface. It does not rise more than 350 feet above the 
lake. But at its mouth and westward are deep deposits of sand 
and gravel rising in Berryman hill (Plate xxx.) to the unusual 
altitude of 442 feet. Prof. James Hall, in 1842, noted the 
occurrence of these materials to a depth of 150 feet in a well. 
Beneath the surface deposits of this region, outside of the buried 
valley, the limestone floor usually rises to about 330 feet above 
Lake Ontario. 

To the northeastward of the buried valley, the country is 
only slightly rolling to the brow of the escarpment, and it is 
‘covered with a clay surface. Nearer the mouth of the buried 
valley there are deep deposits of sand and gravel. 

From the mouth of the Niagara gorge the rock face of the 
escarpment extends westward for about two miles and a 
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quarter (see large map), where it suddenly turns southward 
for three-quarters of a mile. Here it is covered by gravel 
hills mentioned, or continues in and forms the eastern wall of 
the buried gorge. As an escarpment the rocks are not shown 
farther than where the Michigan Central railway crosses the 
Town Line road. West of this point for a mile and a half the 
face of the Niagara escarpment is almost entirely obscured by 
rolling drift hills, although an upper terrace, with a rocky 
foundation, begins to appear. However, at nearly two miles 
from the point mentioned, a spur of the escarpment emerges 
from the sand hills. The upper portion is really an insular 
mass in front of a rocky terrace exposed when the waves of 
lake were making the Roy terrace 287 feet higher than now, at 
the date of the birth of Niagara falls. 

This promontory led Sir Charles Lyell to think there was 
an embayment or expansion of the buried Whirlpool-St. David 
valley, and to compare it with the outlet of the gorge (sce 
Plate xvir. a, on page 121); suggesting that the former had 
a great breadth, while the latter is reduced to a quarter of 
a mile. But this turn in the escarpment is not the enlarged 
valley of the buried channel, although many have followed 
him in this view. Nor was this strange, for over a consider- 
able portion of this section it was only by making local 
inquiries and careful search that rock exposures were found. 
Thus an obseure quarry on Mr. Thomas Berryman’s farm was 
found hidden in a field below the railway, and away from any 
public road. It has an altitude of 320 feet, and consequently 
is on the brow of the buried escarpment. 

The occurrence of rock everywhere to the west was subse- 
quently established, thus reducing the possible width of any 
buried valley. By digging alone the course of the stream at 
one or two places to the east rock was found. At a point a 
few hundred feet west of the railway crossing of the St. David 
road is the head of the creek. It emerges as an enormous 
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spring from beneath the railway, where it flows out of a now 
covered rocky cavern, as I am informed. Accordingly this 
feature, establishes the occurrence of rock at a height of 320 
feet above Lake Ontario and, further, restricts the possible size 
of any buried valley. 

Descending the hillside a few hundred yards to a point 
behind the old brewery building, and now almost entirely 
covered by earth, is an old quarry pit showing the surface of 
thin slabs of hmestone at 254 feet above the lake. This point 
is at the outlet of the buried Whirlpool channel, not at the top 
of the escarpment, but farther down its slope. The outlet of 
the valley, between the approximately determined eastern edge 
and the ledge at the brewery, at this level, does not exceed 1,000 
feet, if so much, while at the 320 foot level it is approximately 
1,700 feet. Thus, at last, the confines of the old valley are 
delimited at its mouth. 

The amount of interest which has been taken in this valley 
has justified this detailed study, as also that of the buried gorge, 
for it was necessary to determine what part the ancient trench 
had in the recession of the falls. Otherwise it would be 
only one of the many features of pre-glacial topography, which 
is generally characterized by rounded outlines. Indeed, until 
making this investigation, I should have considered the ancient 
valley much broader without knowing its depth, as did Lyell. 


CHARACTERISTICS ABOUT WHIRLPOOL GORGE—ITS BREADTH. 


From Whirlpool or DeVeaux point, on the New York side, 
directly across the river to Sinclair point, separating the Whirl- 
pool rapids eddy from the Whirlpool, the Niagara gorge has 
a breadth of only 1,000 feet. At the broadest part of the Whirl- 
pool the gorge is 1,750 feet wide. In a little ravine on the 
northeastern side, where the wall of the gorge passes under the 
drift at the head of the pool, one may closely determine its 


position on the eastern side. The distance from here to the 
9 
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exposed western pre-glacial wall with its rounded edges is 
1,400 feet; consequently the difference in these measurements 
represents widening of the gorge due to the action of Niagara 
river. (See map, Plate xvii. opposite. ) 

The western wall of the Whirlpool has not receded to any 
considerable extent, for immediately beyond the end of the 
Whirlpool fragments of the old rounded limestone edges ap- 
pear, where their upper surface has an altitude of 290 feet; but 
this surface, being forty feet below the ridge penetrated by the 
river beyond the outlet of the Whirlpool, indicates that there 
was a much broader upper valley than the buried gorge itself. 
The absence of limestone above 290 to 300 feet for a breadth 
of possibly nine hundred yards shows here a rapid broaden- 
ing of the pre-glacial superficial valley trending northward 
from Lyell ridge. 

At the quarry of Bowman ravine the glaciated edges ap- 
pear. The same feature is seen a few hundred yards still 
farther on, across the Electrical Railway embankment; and 
again on lot 42, where Bowman creek produces the Harvie 
waterfall in passing over the side of the old gorge into the deep 
ravine. Here the rock surface is 301 feet above Lake Ontario, 
and beneath forty-six feet of drift. From all these exposures 
the line of the western wall is discovered, and here it trends 
much nearer the north than was supposed. Midway between 
this last exposure and the brewery, where well No. 4 (see map 
p- 151) was just sunk, the rock is reached at seventy-five feet 
below the surface, or 292 feet above Lake Ontario. This shows 
it to be within the valley adjacent to the Whirlpool channel, but 
not within the gorge itself. 

At well No. 8, which my driller sunk during the recent 
operations, the rock was found to be thirteen feet higher, or 
at 304 feet above the lake. Accordingly, these wells are at 
the edge of the trough, and by connecting them with the cor- 
responding height at the brewery, the western wall of the 
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buried gorge is established, showing a westward turn near well 
No. 4. 

Of the location of the eastern wall we are not quite so well 
informed. The rock wall of the gorge is found near C on map 
(Plate xx.). The northern end of the outlet is located near 
the point where the Michigan Central Railway branch 
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to Queenston crosses the Town Line road between Niagara and 
Stanford. Just beyond it the line of railway skirts the 
escarpment on its descent to the lower plain and exposes the 
rocky wall. These terminal points established, they can be 
connected with a line curving as on the western side. 
At the intervening schoolhouse, where well No. 5 is situated 
(see map), a depth of 120 feet did not reach rock, with 
the surface at an elevation of 370 feet. This point is 
in and near the eastern margin. On lot 42 I sunk another 
well to ninety feet without reaching rock, and this was at a 
distance of 1,140 feet from the western wall. From all these 
observations I have been able to limit the breadth of the buried 
valley, which is 1,400 feet immediately beyond the end of the 
Whirlpool, to a breadth of 1,600 feet or perhaps 1,800 feet just 
before breaking through the face of the escarpment. 


BORINGS IN THE WHIRLPOOL-ST. DAVID CHANNEL—ORIGIN OF 
MODERN WHIRLPOOL, 

Although not quite complete, a survey has at last been 
made of the Whirlpool-St. David channel, after a period of 
much writing upon the subject, dating back for sixty-five years 
to the time when Sir Charles Lyell first recognized its char- 
acter and suggested that the Whirlpool was due to the exist- 
euce of this buried valley. The origin of the Whirlpool is 
now established as never before. The modern Whirlpool is the 
result of the reopening of a fragment of a buried valley after 
the falls had broken through its side at the present outlet. It 
is due to the Geological Survey of Canada that this ques- 
tion has now been so completely established, and I have to thank 
my assistant, Mr. Claude EK. Eldridge, for the final supervision 
of the extremely trying operations, which enabled us to reach 
the depth mentioned later in this chapter. 

On lot 42—where the deepest well was sunk, the position 
chosen was 630 feet from the rock exposure of the western wall, 
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with the intermediate deep Bowman ravine between. This 
position was selected so as to be somewhat nearer the western 
wall of the buried valley than its supposed middle. The total 
depth attained was 269 feet, or seventy-one feet above Lake 
Ontario. Accordingly the well reached to a point only twenty- 
four feet above the Whirlpool level. Difficulties here arose so 
that the borings had to be discontinued. 

That rock is absent in the buried channel to a depth much 
below the level of the Whirlpool is unquestionable, particularly 
does it so appear on account of the absence of the thick band 
of Medina sandstone above the level of the water at the end of 
the Whirlpool. The present survey establishes the ex- 
istence of the pre-glacial cafion, with its upper edges rounded 
in a more pronounced form than was expected. As only 
soft beds of shale occur below the sandstone it is imma- 
terial to the investigation of the recession of Niagara falls 
whether the ancient gorge reached scarcely to the level of Lake 
Ontario or below it. 


CHARACTER OF DRIFT IN DEEP CHANNEL. 


The following section represents the material penetrated at 
the deep well :— 


Feet. 
Red clay with a few angular ae oe BAO 
Rounded gravel. RS Bere cs. 2 
Brownish sandy gia (Leys tperanete e a 38 
Small angular gravel in red clay matrix. 4 
Loam with fine angular gravel.. .. .. 10 
Angular gravel with some enue clay 
(Ver ougn DOTS) stn ee 20 
Bluish clayey sand aah some ngealle 
Pracmientet ee ners ae fe ac) gO 
Fine washed sand, gray colour, with re- 
mains of white spruce wood.. .... 4 
(CLewiy pi Ot lcn A nee peer ace acta 14 


Bluish clayey ere EM ie ts ee ee) 
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Feet. 

Angular gravel with earthy binding, peb- 

bles size of pease or beans (extremely 

difficult boring).. .. BD ltd) 
Loamy sand with benall marie rettien 27 
Extremely fine quicksand Corauikas with 

clay binding, when mixed with water 

easily flows, but soon sets, so that it 

cannot be taken up by pumps.... g+ 2684+ 


In this last bed the casing was bent, and. at the same 
time the quicksand flowed in and filled the tube for several feet. 
Throughout the whole depth the dryness of the materials, not 
holding even the water poured into the boring, rendered opera- 
tions very difficult. Water occurred in the lowest quicksand 
only. 

The materials found in the well show a strong contrast with 
the stratified sand and waterworn gravel covering the edge of 
the Niagara escarpment and filling the old mouth of the gorge 
where, in sand pits, they have been exposed for fifty feet 
or more. In Bowman ravine, cut through the deposits in 
the Whirlpool channel to a depth of nearly 300 feet, very few 
boulders were seen. So, also, at the end of the Whirlpool, the 
accumulation of boulders, left after the 300 feet of drift have 
been washed away, is relatively very small. These show that 
the few larger stones in the drift are almost exclusively 
granites, quartzites, and other transported crystalline rocks 
with rarely a boulder of Niagara limestone from the adjacent, 
walls. 


FOSSIL WOOD BURIED IN DRIFT. 


The fossil wood occurring at a depth of 186 feet, as men- 
tioned in table, was kindly determined by Prof. D. P. Pen- 
hallow of McGill University, who found it to belong to Picea 
alba, or white spruce, in a fair state of preservation, although 


buried there for probably more than one hundred thousand 
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years. Of it he says: ‘This species is known in the Pleis- 
tocene, where it has been recognized in only a few instances; 
the black spruce, Picea nigra, being, on the other hand, very 
common and well defined types of such deposits.’ 


BREATHING WELL. 


Boring No. 1 was found to be a breathing well. Upon 
reaching a depth of 226 feet, when the end of the pipe was in 
the coarse gravel bed, an inward suction was observed. At 
this point it was deemed necessary to dynamite the end of the 
casing in order to insert a smaller tube as the outer casing had 
become bent in the gravel. Immediately after the explosion, 
and for another day or two, a strong inward draught continued. 
Subsequently, at a time when the water in the Whirlpool was 
particularly high, there was an outward current amounting to a 
blast. So strong were these currents it hardly seemed possible 
that such could occur except in proximity to fissures in ad- 
yacent rock. However, as the continued borings showed the 
absence of rock, this breathing appeared to be due to the 
character of the porous gravel, not associated with caverns, and 
depending upon atmospheric conditions, and the height of the 
river in the Whirlpool. As the deeper borings were made 
when the temperature was below freezing point, water poured 
into the inner casing froze into solid ice at the depth of 226 
feet, on account of the suction of the cold air between the outer 


and inner casing. 


CHAPTER XI. 


ST. DAVID CHANNEL BELOW THE ESCARPMENT. 


Pre-glacial surface shown by Survey of the banks of Niagara 
depths of wells. river below gorge section. 


PRE-GLACIAL SURFACE SHOWN BY DEPTHS OF WELLS. 


As shown upon the large map the trend of the buried 
Whirlpool-St. Dayid valley, as it approaches the escarpment, 
has a direction much more to the northward than was formerly 
supposed. It then curves westward as if it had originally left 
the plateau region a mile or more west of the present site, with 
a narrow ridge of rock, between it and the lake valley, subse- 
quently removed by wave or atmospheric action, which thus 
produced the indentation in the Niagara escarpment. 

The topography here is not that of an ordinary embayment 
at the mouth of a valley, and its structure is so peculiar as to 
challenge attention. There is nothing in the topography 
suggesting a channel in this northwestern direction, and a 
northeastern one would require a sharp turn in the course of 
the river. As a consequence an examination of the wells to the 
north of St. David was made. The records will be given in 
Appendix m1. 

Below the brewery already mentioned (page 129), the sur- 
face slopes to the Bell terrace plain, with its edge situated 
beyond the hamlet of St. David, so that this has a breadth of 
a mile or more. Nearer the Niagara river the Bell terrace 
becomes quite narrow and is underlaid by Medina red shales 
and. sandstones, which are only slightly covered with surface 
accumulation. In the vicinity of St. David these rocks are 


wanting, but they are replaced by deposits of sand and gravel 
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forming a terrace of a mean height of 168 feet above the lake, 
while a lower point at St. David village is 164 feet. 

On this platform are several wells in sand and gravel 
reaching to a depth of sixty feet, where water is obtained. 
Adjacent to the road, a quarter of a mile south of the village, 
at Mr. Woodward’s, there is a well of 130 feet, but below sixty 
feet very little water was obtained. It is not certain whether 
the well terminates in drift deposits or Medina shale, but even 
if the drift reaches this depth the bottom of the well is still 
forty feet above Lake Ontario (or only seven feet below the 
surface of the Whirlpool). Another well, on lot 96, on this 
same terrace, is ninety feet deep. Several other wells to the 
north of St. David show the presence of rock to a height which 
would preclude a buried channel in that direction; but such 


might have skirted the Niagara escarpment to the northwest. 


Mr. J. F. Scovell* called attention to the existence of a 
buried, channel between St. David and the Niagara river, on 
account of finding some deep wells, and also because of the 
absence of Medina shale at certain points on the western bank 
of the Niagara river. The result of an examination of the wells 
shows that such is the case. On lot 34, a well is said to 
have a depth of eighty-one feet without reaching rock, while 
at another one, just sunk, rock oceurs at forty feet. On lot 64 
there is an absence of rock to a depth of ninety feet, while a 
quarter of a mile to the north (lot 66), rock is found at sixty 
feet. On lot 80 the well did not reach rocks at sixty-eight feet. 
Nearer the river (lots 19 and 20) no rock was found at a depth 
of eighty feet. These features would indicate here a channel 


about twenty feet below the lake level. 


SURVEY OF BANKS OF NIAGARA RIVER. 


These consist of Medina red shales for a distance of about two 
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such beds disappear beneath the water. The banks everywhere 
form steep bluffs from forty to sixty feet, and even higher on 
receding from the river. (See Plate xxtx.) In the cove of 
Hogshollow only blue clay and. other drift material appears. 
About a mile and a half below Field point, at a place just north 
of Slinglands point, the shales rise to the surface. Lake 
Ontario is only about three and a half miles farther away. 
Thus along the west bank of the river a buried valley is found 
to occur. The eastern banks of the river below a point two 
miles from the mouth of the gorge consist mostly of drift clay. 
Whatever shales underlaid the old topographic features they 
were largely reduced to a level below that of the lake, along the 
lower course of the river, especially on the eastern side, 

From the data thus obtained it appears that there was an 
old channel coursing from St. David to the Niagara, but so far 
there is nothing to show that it had any great depth, nor, on the 
other hand, that there is not a deep one. Even this may have 
belonged to a local drainage, and may not have come from the 
Whirlpool-St. David valley. An old channel in the softer shale 
should have been relatively much wider than the chasm cut 
through the Niagara limestone. 

On the other hand, a buried valley may possibly be found 
extending northwestward (but not northward) to the lake, but 
only one or two wells in this direction have been examined. 

There may be a complexity of the drainage features of pre- 
glacial times in this region, which are not yet understood, but 
they are unimportant if they do not show a depth throwing 
light upon the bottom slope of the Whirlpool-St. David gorge. 
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CHAPTER XII. 


NARROWS 


Importance of this section. 

Survey of features about Whirlpool 
rapids, 

Berings at Cantilever bridge with 
Table of Section. 


OF WHIRLPOOL RAPIDS. 


Amount of excavation and refilling 
of the Narrows. 

Character of the ancient valley at 
Narrows. 


Whirlpool rapids Narrows, rock ex- 


Accumulations in Channels of the 
Whirlpool and Narrows com- 
pared. 


cavation by modern river. 
Widening of gorge above rapids. 


IMPORTANCE OF THIS SECTION. 


This section of Niagara river, which is a continuation of 
the Whirlpool-St. David gorge, is so very important as to re- 
quire special attention. The reason of this les in the problem 
whether at this locality a drift-filled valley existed, so that the 
Niagara river simply removed the unconsolidated drift, or 
whether the Whirlpool headed in an amphitheatre of hard rock, 
requiring the falls to excavate the gorge out of solid rock, as 
it is doing to-day. If the falls encountered drift, it would 
rapidly be removed, and the present comparatively slow rate of 
recession would not be applicable here. 

The older investigators of the falls did not consider this 
question, but thought there was a uniform rate of retreat from 
the mouth of the gorge to the present site. Dr. Julius 
Pohlman,* one of the earliest writers in the renaissance of 
Niagara studies, thought that the buried channel reached far 
up toward the present site of the falls, and accordingly believed 
that the time required for the cataract to re-open the drift-filled 
valley, and recede past the Narrows, was one of short duration. 
This being the case, there appeared no limit to the length of 


the pre-glacial channel, even to near the present site of the falls 


*Proc. Amer. Asso. Sci., Vol. xxxii, p. 202, 1883. Ib. Vol. xxxy, 1887. 
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themselves; nor to the shortness of the period since the cataract 
broke through the barrier at the Whirlpool, which is midway 
in the length of the gorge. From this one point alone will be 
seen the extraordinary need of discovering the true character 
of the Whirlpool rapids. But there was another problem of 
eqnal magnitude, namely, to account for the enlargement of 
the canon immediately above the Narrows. Hence this was 
one of the most critical sections in the investigation of Niagara. 
Several have written upon the subject, myself among the first, 
and I fully appreciated the difficulties of this part of the river. 
Tt was not until 1899 that the invaluable borings at the Canti- 
lever bridge were made, and not until now were the necessary 
soundings taken to throw light upon the question. Throughout 
the field work I did not consult my older writings, but made 
the re-investigations in the light of new facts, which are pre- 


sented with a closing discussion on the problem. 


SURVEY OF THE FEATURES ABOUT WHIRLPOOL RAPIDS. 


The survey shows that the pre-glacial trench at the northern 
end of the Whirlpool is 1,400 feet wide. At Sinclair point, 
between the Whirlpool and Whirlpool eddy, 2,000 feet to the 
south, the ancient trench, together with its modern enlarge- 
ment, is now 1,000-feet wide. This eddy is in a cove 1,500 
feet long and 1,300 feet wide, and its upper end merges into 
the Narrows, eventually reduced to about 750 feet wide. De-~ 
scending to the water level the Medina gray band is incised 
by 1,000 feet at the end of the Whirlpool. Under Sinclair 
point, just referred to, the breadth of the river is only 600 
feet, and this, to some extent, includes the enlargement of 
the gorge by the modern river. At the eddy it increases 
to 850 feet, while in the Narrows it is reduced to 350 feet. 
South of Whirlpool point (Plate xx.), the eastern walls of the 
gorge have fallen, so as to widen the pre-glacial valley. This 
feature, together with the encircling form left at Sinclair point 
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PLATE XX. 


ae Pt. 


: SES (Deveaux Pt) 


/PREGLACIAL CHANNEL 
WHIRLPOOL -—RAPIDS 


By J.W. Spencer x 
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Map of Whirlpool rapids. The Eddy and Narrows section inside the 
great river banks (g rt); the lower pre-glacial terrace, P., truncated at both 
ends, but restored by broken lines (e e b); approximate edge of pre-glacial 
valley represented by dotted lines heading near bb, though the shallower 
channel continued toward Lyell ridge, opposite Swift Drift point; S—S, 
position of section figure 18. 
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shows the sudden contraction of the buried cafion producing 
here the head of an amphitheatre. 

Comparing this structure with modern topography the 
head of the deep ancient gorge should be looked for at Sinclair 
point below the eddy; but what was the character of the tribu- 
tary ravine? To answer this question one need not go far 
afield. At a point from five-eighths to seven-eighths of a mile 
south of the Cantilever bridge (see map, Plate xx.) there 
is the Lyell ridge of Niagara limestone, rising on both sides 
of the river to 370 feet above our datum. In ancient times 
this was trenched, as at Hubbard point, down to 317 feet above 
Lake Ontario, with a resulting rounded topography. At a 
short. distance north of Hubbard point the present gorge at 
Swift Drift point is contracted to a breadth of scarcely more 
than 1,000 feet. In the cove between these points there is no 
evidence of the drainage in either direction. This impression 
slowly grew upon me day by day, living with the falls for a 
long time, and learning almost every feature. Indeed, on the 
eastern side, at a point where the Gorge railway descends, I 
could not help fancying I saw the head of the Whirlpool rapids 
ravine in a little cove adjacent to which the rocks showed 
polished and rounded surfaces (opposite to bb on Plate xx.). 

The greater breadth of the cation is the result of subse- 
quent excavations by the falls. The Narrows of the rapids are 
inside another valley depression. Thus, at the railway bridges, 
the floor on the western side has an altitude of 808 feet, while 
on the eastern side it is slightly less, with the rocks beyond 
rising twenty feet or more. A third of a mile to the northward 
there is another inner valley with a glaciated bed at 280 feet 
on the Canadian side, while on the New York side the pre- 
glacial trough is not represented, as the wall is at 294 feet, 
with the present gorge 750 feet wide between them. Here the 
buried valley has been uncovered by the modern river, whose 
outer banks were more than twenty feet high (above their 
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margin at 316 feet), and 1,500 feet apart where the strong 
currents carved out sharply marked terraces before the river 
shrunk into a narrow pre-glacial channel now found to be 
shallow. (See Plate xxi. B.) 


BORINGS AT CANTILEVER BRIDGE. 


The boring at the eastern pier of the Cantilever bridge, by 
a diamond drill, and the recovery of the core, brought to light 
the character of the refilled Whirlpool rapids section. It was 
thus proved that the buried rock was absent to a depth of 185 
feet below the surface of the river, or eighty-seven feet below 
that of Lake Ontario (page 60). Out of the total thick- 
ness of the 185 feet, 124 feet were found to consist of blocks 
and boulders of limestone, and sixteen feet of sandstone, 
all with clay between. A table of these borings is given on a fol- 
lowing page. Some of the blocks had a thickness of ten or 
twelve feet, as in the vicinity of seventy-five feet below the 
river surface. The talus slope extends beyond the overhanging: 
cliffs of Niagara limestone for a distance of 220 feet on one 
side, and 222 feet on the other, with the breadth of the river 
410 feet, and a maximum depth of eighty-six feet (figure 21). 


t 


Channel refilled 
mostly limestone blocks 


Fig. 21. Section across the cafion at Cantilever bridge. his is 100 feet 
longer than at narrowest part of gorge. N. 1., Niagara limestone; N. s., 
Niagara shale; C. 1., Clinton limestone; R. M. Red Medina shale and sand-’ 
stones; g. M., Medina gray sandstone; M. s., Medina shale; L. O., Level 
of Lake Ontario; R., level of river; W., boring on eastern side ; 
N CBBON, approximate form of refilled channel; Pre-glacial channel 
between limits of W—W and R—R; t—t., terraces showing boundary of 
Niagara river before it sunk into Whirlpool Rapids channel. 


Tf this section be now examined, as shown on a true scale, 


with the uniformity of the declination on both sides, one is 
10% 
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struck by the great steepness of the covered slope from the edge 
of the cliff to the bottom of the well; also with the fact that the 
slope of the western side should be the same as on the eastern. 
This leaves the impression that the bottom of the gorge must 
have been kept open by a more vigorous current than now 
obtains, or by one excavating the bed of the channel and re- 
moving all the débris as rapidly as it fell into the current. 
How much deeper the middle of the buried channel is than the 
bottom of the well cannot be known, but its depth reaches to 
almost the same level below the surface of Lake Ontario as the 
river channel above this point. Accordingly, a much greater 


depth can not be expected. 


TABLE OF BORINGS AT EASTERN PEIR OF CANTILEVER BRIDGE. 


Feet. 
Surface of ground* .. Sei lieni se era tele ae ee eee LOR AO O, 
Lime rock bare block). s Aretieaneceh ca fu Seana inate cbateceeie ete Ole 
Boulderts esc . ol Nee® Mees Mn ae aolg weenie a cla) tee area by 
Black slate.. SO ee Oa ie rth Ord oe SRR COON oo ee 
CAV IUEV. Sa". sec a s.2 ian corn eh cele EOE © Sie: ns ae aren Se ee eS 
BOuliders.cti0. forsee aol Pe section rece alee alae ea iney ae eS SO 
Lime rock. oe sae Welles kh Mats Taste Wawely tei ets, ede erctaten yp Remeron emec ss 
Clay and poulders. ace ate a Satay ane Gara dasea NGG 5 L aie ele MNES 
Clayiae ee ¢ Sige Aevacgeage e sealacktte Gua eiers- iain OAT ee! 
Bastard lime rock.. FPEEe FRA Ae TOROS Sool Aden | eS 
MOLY aian ovat coe Ser Ne dn Ree Wes Beg ee Tae, Sie Meena te 
Bastard lime ‘rock.. EPA Tre ra tce oo orcs wee er 4 
CUa yas. Sea ES CRT eas eas 
Bastard lime rock.. GoM ti epee OL SOO OG) Ori ia: eee 
(Bile Mic tenors Oa ovey HWHG Nei ov ator on eGo tees cman ac ob Oo ho Ike 
Bastard. lime rock= saat silt ee ie neat aero meLy: 
Clays asa Eispaes Urea pttsn Vevatter sy conch She ane aoe eee eRe LO 
Bastard lime rock.. SeUhe se, ae a se Lak ae RYE Meee Baas 
Clary Hamds boulder cime m eee nied poet cha akon nites Gitte mane S 
Ibimie rockon. ar Be a Oe CMEC oD, de oe ee Re 
Clay and boulders. EVES a aie areecvet, aR Moyea hs ee, ee eeenenrane OG 
Lime rock.. .. Wis, te kp hehek caves whos dates Vers euiey ni ea eee em Cee Oe 
et mae boulders. . soe holst TRAE retanrson Maid rete et ols) RC AE BLS 
OWS retin eas” cle) siesta oe Ove TetC eee Panal aps eae hae Mee eae eT) 
Glayan wc MME Te Nee Ie era ents rs. ee ARON 
(Bottom of ‘easing).. Giles “suet 4s Aol gan ey Sct daVeRe crete Ame ean ATE 
lime rock.. -. Mail Seat BS ica’ Ok ene teeta at come ri OT ED 


Clays and poulders.. sationdl sakes afatayy GES cates mht Sy Ort SP A ene oemaael 7 cE 


*Surface of pau about eight feet above the river, which is nearly 
ninety-nine feet above Lake Ontario. Datum assumed at 300 feet, which 
is the top of the coping of the tower here. The figures are taken directly 
from the Section of the Railway Engineers. It should be noted that some 
of these masses of limestone are large; but they are not in their natural 
place, as both these and the blocks of sandstone mentioned occur at 
depths in the channel far below the levels at which their beds occur. In 


short, they are refilling a channel which has been cut out of red Medina 
shales. 
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Meet. 

HENCE OCIA wesc pie Meech cis, ee ansr och hi ete coe -. to 161 
Clave meee eet es tte WAS bin one nae a, oe 159 
Lime rock... .. ORG Mice e can shoe corel eve Me odio rs ideice ce, LAO 
Clay and boulders. . Re Roe Nomar RS eee Gon. Roo LBD, 
Pandenocke. . ed Res ne CM ALE aL edd eee eo 
Clay and poulders.. Pe CEE te ON CATR OL Paes hoes ec ae 08 
SEVOTGE TAG Clen Sg phedice otek Chee ides E-TOC Lae a Lees ads 
(OUP INE SWAG. “craig uth ORO aaa eee ee eT eee en RL 7 6 
Sadler. 0 Ceri ta mee treed thot fe wake Beve omik raw ciate eae MeL OUk 
Clay and poulders.. Cnr Poy Real Pec npdava ee eats err, AL LO 
Sander g Choma cmt Rie ts eur cis Sie, Cenpskourn nee alle 
ey raecrs aie he-tamine te earn ft ee eters cal asthe Maar meee. LLL 
Sand rock.. .. MT bac nstomeusenisysn ctroeectarmiroe Settee becca LEO 
Clay and poulders.. ALF Visit niche COE TIS AONE Ae See Ceara oak che Uae oS 
Same TOC.) .. oe LTO ice yy ioe Ken Lev ace sey, ee Oe, 
Clay and boulders... fe Mech cee Bus, tt) are ous, he Mews eae ee 
Sand rock.. .. Se Boats oan led GS ZG SIE ee 
Clay and boulders... AS eas fk 3's y Sie eral) 
Clay and boulders and little red. shale.. Abi ct theca aT) 
This is bottom of channel. 

Hedechales bedi reciente as mesa ONcu ce cn toct Gia ei emt nu | ait) 


ACCUMULATIONS IN THE CHANNELS OF WHIRLPOOL AND RAPIDS 
COMPARED. 


Glancing now at the character of the material in the refilled 
gorge here, and comparing it with that filling the Whirlpool- 
St. David channel, the contrast is striking. 

In the latter mentioned trench the accumulations are sands, 
angular gravels, a little loam, rarely a boulder, and such 
boulders as do occur are found to be composed of crystalline 
rocks. <A little red sandy clay covers the surface. This drift 
material is now known to an actual depth of 269 feet. Only 
one or two blocks of Niagara limestones were observed on the 
sides of these deposits; so, also, the boulders which have accu- 
mulated at the end of the Whirlpool are, almost entirely, trans- 
ported crystalline rocks. The contrast of this glacial material 
with that in the boring at the Cantilever bridge, which is com- 
posed of fallen Niagara rocks, is conclusive evidence of the 
newness of the Whirlpool rapids gorge to the full depth of 185 


feet below the surface of the river. 


AMOUNT OF EXCAVATION AND REFILLING AT THE NARROWS. 


Here is a cafion of unequalled narrowness reaching to a 


depth of 395 feet below the adjacent floor of the outer valley. 
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In the section it is found that ninety-two feet are composed of 
hard limestone, twenty-five feet of softer red sandstones, not 
counting the thinner layers which are perishable, being non- 
resistant, (as shown in Plate xxz. a, on page 157), and twenty 
feet of very hard gray sandstone, with the base of the lowest 
of these beds forty-one feet above Lake Ontario. The lowest 
128 feet of the refilled gorge is excavated out of soft shale, 
which could not supply any of the limestones or sandstones 
found throughout the lower depth in the boring. 

When the full force of the current was diverted into the 
smaller pre-glacial channel most of the shale beds were swept 
away, and also some of the thinner layers of limestone and the 
friable sandstone, although some shales remained—to the ex- 
tent of forty-five feet out of 255 feet—the total of such beds 
found here. Some shales produce clays in the interstices be- 
tween the boulders when protected from the stronger currents. 

It is. now possible to compare the cross-section of the 
modern chasm with that of the gorge at its maximum develop- 
ment on one hand, and on the other, with the small pre-glacial 
valley which gave rise to the narrow cafion at the Whirlpool 
rapids. As shown in figure 21, the area of the cross-section of 
the whole channel, including the buried portion brought to hght 
by boring, is 248,000 square feet; that of the modern gorge is 
156,000 square feet; thus leaving the buried portion repres- 
ented by 92,000 square feet. Of this last amount, 69,000 
square feet consists of hard limestone or standstone blocks or 
boulders. 

The area of the Niagara and Clinton limestones, and the 
gray band of Medina sandstone, which have fallen from their 
natural position into the gorge, together with that portion re- 
moved in pre-glacial days, amounts to 87,000 square feet. The 
difference between these figures represents 18,000 square feet 
removed from the natural bedding in the gorge in pre-glacial 
times. ‘That is to say that the ancient valley had a cross-section 
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of this area; which if distributed with a breadth of 600 feet 
its depth would be thirty feet, and this form would be some- 
what favoured by the occurrence of the lower shelf at 280 feet 
beside the Narrows. This form of section is represented at (a) 
figure 18 (page 105). On the other hand, if the width were 
400 feet, about that of the river to-day, the depth should have 
been forty-five feet as shown at R R (figure 21). 

In these calculations some errors rise from treating the mass 
of fallen boulders, having interstices filled with clay, as if com- 
posed of solid rock in its natural bedding. Allowing for this 
structure would leave a decrease of the fallen mass, and an 
increase in the size of the pre-glacial valley. On the other hand, 
with the removal of the clayey matter by the strong current of 
the river, much material from the thinner beds of limestone 
and sandstone would be carried away, and allowance here would 
decrease the area of the pre-glacial gorge. However, whether 
the ancient channel were a little larger or a little smaller than 
here represented, the analysis shows that at this point a deep 
gorge did not exist. Accordingly, this buried, partly refilled 
cafion, nearly 400 feet deep, was excavated by the modern 
falls when the river surface was somewhat lower than now. 
The ancient valley diverted into it the waters of the river, 
so that the concentrated force would remove the débris and 
leave walls as steep as those discovered by the deep boring. 

Upon the recession of the falls beyond this section, favoured 
by the backing of the water into the gorge below, the bottom of 
the channel could not be kept open; accordingly, below the 
bottom of the river, which is eighty-six feet deep at the Canti- 
lever bridge, the channel is reoccupied by fallen rocks as shown 
by the borings at the bridge. Just below the bridge the Whirl- 
pool rapids descend impetuously fifty-two feet to the Whirl- 
pool. Unquestionably these rapids are formed by blocks fallen 
into the channel from the overhanging brink of the chasm, 


though the greater part of the refilling occurred earlier, without 
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producing the present rapids which have been completed only 
after the falls had receded to near their present position, which 
accounts for the freshness of the walls, and the absence of any 
indentation where Muddy ereek runs down the western wall at 


the Narrows. 


CHARACTER OF THE ANCIENT VALLEY AT NARROWS. 


So far attention has been primarily given to the modern 
character of the channel at the Whirlpool rapids. Thanks are 
due to Mr. P. W. Currie* for calling attention to these boulders 
and fallen blocks found in the borings. This channel is exca- 
vated in an outer valley which has an elevation of 308 feet 
above Lake Ontario on its western side at the railway bridges. 
From a quarter to a half mile northward there is a fragment of 
a lower rock cut terrace, having a width of 125 feet, and an 
elevation of 280 feet. That it is ancient is shown by its gla- 
ciated surface. It is represented at (a), figure 18 (page 105). 
Here is the narrowest part of the gorge—only 750 feet 
wide, or a hundred feet narrower than at Cantilever bridge, 
where there is no remnant of the lower terrace. (See map, Plate 
xx.) The lower terrace does not remain on the eastern side 
where the wall of the gorge rises fourteen feet higher. Such 
removal has been occasioned by the currents encroaching on 
and undermining the eastern more than the western side. Still 
the breadth of this inner valley, with its depth, seems to have 
been sufficient to produce a cross-section of 18,000 square feet 
with the pre-glacial channel unable to carry the whole volume of 
the river. 

This conclusion is derived from the fact that the inner 
channel is situated within a broader outer one bounded by steep 
banks shown in the view and on Plate xxr. B, and at t t figure 18, 
These letters represent the margin of the great river. The 


outer channel continues to Sinclair point, where the western 


*Trans. Can. Inst., Vol. VIL, pp. 7-14, 1891. 
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bank is abruptly terminated at the brink of the chasm at the 
Whirlpool. Above Sinclair point, and extending past the eddy 
section (on map Plate xx.), the falls excavated a cafion much 
wider. This broad amphitheatre at the eddy was not the pro- 
duct of the falls acting within a narrow chasm, but it shows 
that much of the water flowed over the whole end of the outer 
channel before the main stream was contracted in width. 

A channel with a section as estimated above, could take the 
greater part of the volume of the river, while a portion of it 
was being diverted by way of the Chicago overflow into the 
Mississippi drainage. This condition continued until the falls 
had receded in the ancient valley to a point, where it was too 
small to direct the forces of the cataract, after the return of the 
full volume of the river, when the water overflowed the sides 
of the chasm and recommenced the broadening of it. 

Thus it appears that the pre-glacial trench at the Whirlpool 
rapids, beginning in the amphitheatre at the head of the Whirl- 
pool, somewhere between Sinclair point and a few hundred 
feet to the south of it, extended upward and southward through 
the section of the Narrows. In order to permit part of the 
discharge to still flow over the floor of the main outer valley, 
and at the same time divert most of the force into the main 
channel, its depth must have been less than the thickness of the 
Niagara limestone, so much less that at first there was a great 
fail at its lower end occupying the whole outer valley. ‘This 
occupancy of the floor of the pre-glacial channel was like the 
lateral discharge of the waters over the wall of the falls be- 
yond the present apex. In this way was formed the cove at 
the eddy, broader than between the Sinclair and Whirlpool 
points. But the greater force of the river in the pre-glacial val- 
ley must have deepened the channel sufficiently to withdraw the 
water from the outer and broader one. Such a feature is shown 
by the contraction of the eddy section at the end of the Narrows, 


when the river no longer spread its waters over the broad 
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channel. Thus is satisfactorily explained the features of the 
eddy section. A characteristic of such an old gorge would be 
the descent from the head of the slope by steps over the harder 
Niagara, Clinton, or Medina sandstones, which are represented 
in the longitudinal section figure 22. 

It is not to be supposed that the ancient valley terminated 
abruptly at the upper end of the Narrows, for the pre-glacial 
land surface beyond this point continued to rise for a distance 
of three-quarters of a mile to Lyell ridge, the rocky summit of 
which has an altitude of 370 feet. This ridge formed the 
divide between the Whirlpool valley and the Falls-Chippawa 
basin trending in the opposite direction (see Plate xxut.). 
Even in pre-glacial times the full height of the ridge was inter- 
rupted, as the ancient erosion at the divide had reduced it 
by fifty feet to a height of 320 feet at Hubbard point. In 
studying the features upon the ground there was always a 
strong impression left that the stream proper headed in a little 
cove opposite Swift Drift point, where the Gorge railway com- 
mences its descent, and that the basin or cove between Swift 
Drift point and Hubbard point was one like many upon the 
summit of divides which drain in both directions. 


WHIRLPOOL RAPIDS NARROWS—ROCK EXCAVATION BY MODERN 
RIVER. 


Irom careful measurements from soundings, and particu- 
larly from the borings at Cantilever bridge, the results show 
that the pre-glacial Whirlpool gorge did not extend much above 
Sinclair point, though a small channel led into it. Therefore, 
the falls, except at the Whirlpool, have had to excavate all of 
the gorge out of solid rock, as they are doing to-day. 

It has been mentioned that various observers thought that 
a buried channel may have reached to nearly the site of the 
present falls. This was not, however, my earlier impression. 
I did not then closely define my views beyond stating that ‘ at 
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this point the Niagara river took possession of the eastern side 
of a drift filled valley.’* But later my opinion was made quite 
clear, namely, that the channel of the modern river ‘ maintained 
a full breadth and depth, but the constriction apples to the 
gorge alone,’ that is, the inner one which was filled with drift. 
‘The depth of the depression was the greater in the centre, and 
the river took possession of a deeper portion, and upon the 
removal of the drift, sunk within the gorge.’ ‘ This shallow- 
buried valley began in Johnson ridge ’ (that is the Lyell ridge at 
Hubbard point) ‘just above the railway bridges, and extended 
to the Whirlpool, whose cauldron is only a deeper extension of 
the same channel.’+ The views expressed in 1894 were only 
an avant courier to the present work, and it is no little satisfac- 
tion that they have been so fully sustained. 

Subsequent to my contribution just mentioned Mr. 
I’. B. Taylor, who has been one of the principal investigators 
in the later history of the lakes, contributed a paper upon this 
subject in 1898. In this he thought that there was an amphi- 
theatre at the head of the Whirlpool, located at Sinclair 
point, but he did not consider the importance of the little 
valley which supplied the waters for the small ancient cataract. 

With this modification, Mr. Taylor’s conclusions agree 
with mine formerly expressed. The head of the amphitheatre 
evidently descended by a series of steps which extended 
into the eddy section. The origin of the Narrows of the 
Whirlpool rapids section is now set forth, namely, that the 
larger part of the river was concentrated into the narrow pre- 
glacial valley, while another portion of the lake drainage over- 
flowed by way of Chicago. So long as a considerable portion 
of the river was concentrated into the channel it would not be 
widened except by the undermining of its sides. 


Eventually this ancient valley was not large enough to take 


*Amer. Jour. Se., Vol. 3, xlviii, pp. 455-472, 1894. 
f{b. Vol. 4, vi., 489-450, 1898. 


IPGAT ENG Nob 


View of Section of Medina Red shales and sandstones, on Gorge 
Roads, just below G.T.R. bridge. 


PLatTE X XI. B. 


View of Original River bank, outside of the Narrows of Gorge, 
in front of Mount Eagle. 
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the volume of the river, increased by the portion of water tem- 
porarily diverted at Chicago. In order to account for the 
Whirlpool Narrows, Mr. Taylor formulated a temporary with- 
drawal of the Huron waters while the falls were passing the 
rapids. He thought the temporary diversion was occasioned by 
certain changes of the outlet of Algonquin lake, before the 
waters were finally backed southward by the rising of the bar- 
rier at Lake Nipissing. I had not found anything to sustain 
this view, because the old shore line of Algonquin lake cut off 
the overflow of Lake Huron to the south until the barrier was 
broken through by the rise of land at the Nipissing outlet. His 
hypothesis required reduction of volume as complete as before 
the original addition of the Huron drainage. . 

Mr. Taylor’s temporary diversion proved only partial. It 
was due to the overflow at Chicago into the Mississippi drain- 
age, and not to glacial dams as he supposed (see chapter xxvit.). 
The amount of diversion was sufficient to cause the withdrawal 
of the water from the shallower portion of the channel, at the 
Whirlpool rapids so that the falls produced a cafion 750 feet 


wide, in place of 1,200 feet as elsewhere. 


WIDENING OF THE GORGE ABOVE THE RAPIDS. 


As the outer channel at the Narrows is 1,500 feet wide, 
with the gorge reduced to 750 feet, and as there was a small | 
temporary reduction of Huron discharge, which reduced the 
volume of water here, the question arises as to what caused the 
rapid enlargement of the gorge to a breadth of 1,300 to 1,400 
feet above the Whirlpool rapid Narrows. This width should be 
reduced somewhat on account of frost action and under cutting 
of the cliffs by the river, so that the original banks above here 
have been undermined and completely fallen away; however, 
a little farther up, at Hubbard point, they again appear, show- 
ing the river to have been 1,200 feet wide. As the pre-glacial 
channel became too narrow to direct the course of the river, 
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now enlarged again, it would flow around the head of this 
channel and over the side of the narrower chasm, as it did at 
an earlier time round Wintergreen flat, and now over Goat is- 
land shelf to the side of the apex of the present falls, and break 
over the sides until it could widen a gorge sufficiently large to 
receive the volume of the falls. To emphasize this feature the 
river was not shooting through the confined channel as that be- 
neath the Cantilever bridge to-day but through one of moderate 
depth, and was breaking over a large periphery with the conse- 
quent undermining effects. J*rom that time to the present, facts 
now known show that there has been no great change in the 
character of the gorge, except that there has been a large amount 
of undermining of the walls and falling in of the original river 


banks. 


CHAPTER XIII. 


FALLS-CHIPPAWA BURIED VALLEY. 


Well borings, depth of drift, and 
absence of channel west of gorge. 

Valley indicated by deep wells ad- 
jacent to falls. 

Southward enlargement. of Falls- 


Fialls-Chippawa 
Victoria Park. 

Late reversal of drainage at the 
falls. 

Lower terraces of Falls basin. 


valley south of 


Chippawa valley. 
Origin of Upper rapids and Great 
basin of the falls. 


Results of finding the Falls-Chip- 
pawa valley. 


WELL BORINGS, DEPTH OF DRIFT AND ABSENCE OF CHANNEL 
WEST OF GORGE, 

Reference has already been made on former pages, to the ap- 
parent rock basin at the falls as noticed by Hall, Lyell and 
Later, Mr. Scovell ascertained that there 
were deep wells to the west of the Clifton House, and thought 


Julius Pohlman. 


that a buried valley extended from the present site of the falls 
to St. David valley. 
provisionally followed Mr. Scovell, and I regarded the Whirl- 


Learning that there were deep wells I 


pool St. David valley as a tributary to a greater but shallower 
channel to the west (1894). 

The valley above the falls is wide; the outlet of the Whirl- 
pool-St. David valley was supposed to be broad, though it is 
now found to be narrow. Then, again, the river at the Upper 
rapids was nearly in the direct course of Pohlman’s Tona- 
wanda drainage. Consequently these broader features favoured 
the location of the supposed valley and provided a working 
hypothesis, especially as the cafion-like form of the Whirlpool- 
St. David trench had not been surveyed. 

On commencing to re-investigate the physics of Niagara 
falls the first work to be done was to determine how this falls 


basin could have been originated by streams flowing west- 
1 161 


162 FALLS OF NIAGARA [Geol. Surv. 


ward of the present course of the river toward St. David. In 
order to ascertain the origin of this basin, which is excavated 
to sixty feet in depth out of hard limestone, the depths of a 
very large number of wells were obtained; some of which were 
ninety feet before reaching the rock surfaces. The buried rock 
floor was then determined by taking the levels of the wells. 
The result showed that the pre-glacial surface was too high for 
a trench extending from the falls northward upon the western 
side of the river. 

The rock floor of the country west ofthe river, from the 
town of Niagara Falls and along Lundys Lane, was found te 
have a general elevation of 340 feet above Lake Ontario, while 
the pre-glacial surface of the basin at the falls was reduced to 
258 feet. 


VALLEY INDICATED IN DEEP WELLS ADJACENT TO FALLS. 


To the southward deep wells were found. West of Victoria 
Park, on the property of the Carmelite monks (well No. 6), 
borings reached a depth through the drift of ninety-five feet, 
showing that the flodr at a point 700 feet back of the upper 
edge of the drift hills was reduced to 277 feet above Lake 
Ontario. This proved to be at a point on the side of a buried 
channel. A number of other wells had been sunk, which are 
shown on the maps. As a result of the sinking of these wells a 
deep trough was found between the rocky floor south of Drum- 
mondville and the rising floor adjacent to the Upper rapids, 
and at Chippawa. The breadth of the upper part of the trough 
was most plainly brought to light, as it was crossed by the pipe- 
line of the Ontario Power Company in an oblique direction, 
exposing depressions in the rock for a distance of 2,400 feet, 
or along a direct section across the old valley of about 1,700 
feet, with the rock bed absent.above the level of 259 feet. On 
either side the rocky rim rose to 320 feet or more. Accordingly 
the re-opened basin at Niagara falls extended southward under 
the drift hills. 
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It was then ascertained from other deep wells, some three 
miles distant, that the rocky floor under the flat surface of the 
country was reduced to a similar depth as that of the basin at 
the falls. This suggested a trench. It now seemed that a valley 
had been discovered which furnished a large stream for exca- 
vating the Whirlpool-St. David valley. This was before fully 
analysing the evidence bearing upon the Whirlpool rapids. 
Indeed weeks elapsed, with additional data added from time 
to time, before any attempt was made to carry new investi- 
gations in the direction where they subsequently led. Had I 
then published, a serious error would have been made. The 
importance of the features at Hubbard point would have been 
overlooked, and it would have been stated that the ancient Chip- 
pawa creek had been turned into the Whirlpool-St. David chan- 
nel in conformity with the present topography. 


SOUTHWARD ENLARGEMENT OF FALLS-CHIPPAWA VALLEY, 


At Hubbard point, also opposite Swift Drift point be- 
yond, the floor of a pre-glacial valley was 317 feet above level 
of Lake Ontario. This depression was made in the limestone 
formations of the Lyell ridge, which here crosses the course 
of the gorge, and rises back from the river to 370 feet. If one 
stands at the eastern end of the Upper Arch bridge and looks 
at the broad valley, bounded on one side by the Upper rapids, 
and on the other by the terrace-hill of Victoria Park, and then 
turns in the opposite direction, the terraces on the Canadian 
side are seen to swing round to near Hubbard point, and appear 
to meet the corresponding ones on the New York side, which, 
close to the end of the bridge, are underlaid by rock at or near 
the surface. The view presents an amphitheatre nearly closed 
at the northern end and widening out to the south, suggesting 
a former topography draining southwestward. Applying 
measurements: Up the Ferry road leading from Clifton Hotel 


the rock was everywhere shown to be near the surface, for it 
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was reecently exposed in the sewer-cuts. On the map (Plate 
xxu1.), the boundary of this ancient basin was taken at the 
level of 320 feet above Lake Ontario, as the rocky floor above 
rises somewhat slowly, while at Hubbard point the old floor has 
an altitude of 317 to 320 feet. 

Opposite the Ferry road, across to the corresponding point 
in Prospect Park, the valley has increased from 1,200 feet at 
Hubbard point to a breadth of quite 2,500 feet, though it is 
only 3,500 feet to the south of Hubbard point. Another tra- 
verse of 3,000 feet brings us opposite the southern corner of 
Goat island. From the rocky shore near the upper end of the 
island, across the gorge to the terrace behind Victoria Park, is a 
distance of 38,500 feet; but as the Canadian rocky rim here is 
buried, the additional amounts. that must be added to this 
breadth are not definitely known. 

At another section 3,000 feet southward at the Carmelite 
monastery, the distance, from the rocky edge of the Upper 
rapids at Goat island to the well (No. 6), is about 4,700 
feet. As this well is within the valley the additional distance 
to the buried western side is not known. Thus the picture 
of the widening of the basin to the southward, although head- 
ing only at Hubbard point, is supported by actual measure- 
ments, and the enlargement broadens from 1,200 feet to 
over 4,800 feet in a distance of less than two miles, while the 
depth increases about sixty feet in this distance. At even 270 
feet above datum its breadth in the Park is 1,600 feet. As 
before pointed out, nowhere north of the immediate vicinity 
of this channel, as at the Upper Arch bridge or anywhere north- 
ward, are there any remains of a pre-glacial floor lower than 
280 feet. This broadening and deepening to the southwest- 
ward, with a slope descending from the highest ridge at Hub- 
bard point, forced the conclusion that the Falls-Chippawa 
valley was a pre-glacial feature with the drainage in the oppo- 
site direction to that of the present day. 


a 
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Parenthetically let it be stated that at this higher Lyell 
ridge at Hubbard point, while its surface was due to atmos- 
pherie action on the Niagara limestones, the erosive features 
may have been determined by a physical disturbance of the 
strata (see Plate xvr., page 117), which on its northern side 
has a general southwestward dip and on the other side a south- 


eastward. 


ORIGIN OF UPPER RAPIDS AND FALLS BASIN. 


Thus was discovered the Falls-Chippawa trough or basin 
which revealed the origin of the Upper rapids of the Niagara 
river, in that their slope belonged to the pre-glacial surface of 
the southeastern side of the Falls-Chippawa depression. 


FALLS-CHIPPAWA VALLEY SOUTH OF VICTORIA PARK. 


The establishment of this Falls-Chippawa valley was not 
completed by the data already given. There was a space of 
three miles southwest of Victoria Park that required investi- 
gation. At Chippawa village, in well No. 8, the rock floor 
has an elevation of 298 feet. The floor here is actually lower 
than at the intake near the upper end of the Dufferin island 
channel, where it is at 300 feet. A little below this point, at 
the elbow of Dufferin channel, the old surface is 286 feet, and 
in Logan’s well (No. 9), nearby, rock is two feet lower. At 
another well (No. 7), a short distance to the westward, the 
rock surface is reduced to 265 feet, or only seven feet higher 
than the lowest part of the floor of the channel in the south- 
western cove of the Park, which was formerly covered by a 
gravel bed, since removed in laying the water pipes of one of 
the power companies. Thus the old southeastern side of the 
Falls-Chippawa basin is established. The Carmelite well (No. 
6), near Loretto convent, shows the rock floor at 279 feet; 
this is on the lower part of the rising northwestern boundary. 
The definite limits of this boundary have not been ascertained, 
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but within a short distance the rock may be expected at 330 
or 340 feet. _ 

About three-quarters of a mile west of the Carmelite well, 
at another (No. 13), the depth is said to be 100 feet. . If this 
be the case the rock floor is reduced to 266 feet; and even if 
somewhat higher it indicates an embayment of large size into 
which the Falls-Chippawa basin expands on receding from 
Niagara river. At a mile to the southwest of this latter 
point, the Malone well (No. 20), reaches rock floor at 312 feet 
above Lake Ontario, while the Grey well (No. 21), three- 
quarters of a mile farther southward, shows the rock at a level 
of 267 feet; so that the boundary line is somewhere between 
these two last mentioned points. (See Plate xxt. and also large 
map where wells are indicated. ) 

At half a mile south of the Grey well is the Ferry well (No. 
22). It is situated just north of the creek. The rock sur- 
face is at 259 feet. Thus it is found that the embayment 
sweeps southwestward into a greater basin between the ridge 
of Niagara limestone on one side, and the Corniferous lime- 
stone on the other. 

Returning now to the cove south of the convent, the south- 
eastern side may be located by the Glasgow well (No, 10) 
where the rock surface is at 282 feet, or sixteen feet below 
that at Chippawa village. Again in the middle of this buried 
embayment, at Montrose Roundhouse, the rock appears at 256 
feet (well No. 23), and in Kister’s well nearby (No. 24), at 
251 feet. Near the middle of the valley are two Clark wells, 
one of which (No. 11), shows a depth of 112 feet to the rock. 
Some of the quicksand from the bottom had been kept by the 
owner, Mr. Patrick Clark. ere the buried floor is at 282 
feet. In a southwestern direction, nearly half a mile beyond 
the creck, is the well of Mr. Emanuel Read (No. 25), which 
reaches rock at a level of 236 feet above Lake Ontario. 
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LATE REVERSAL OF DRAINAGE AT THE FALLS. 


The last mentioned wells show the deeper part of a buried 
channel, which is nearly 100 feet below the level of Lake Erie, 
whose elevation is 326 feet above Lake Ontario. This feature 
opens up another question, namely, what became of the drain- 
age of the Falls-Chippawa basin before the mantle of drift 
was spread over the Niagara peninsula? Following up this 
investigation a new outlet for the Erie basin has been dis- 
covered, and will form a sequel to the chapters on Niagara falls. 

The reversal of the course of drainage of the Niagara dis- 
trict has been establishea by well borings; still, had one not 
blindly gazed upon the topography about the falls it would 
have been of itself apparent even without measurements already 
set forth in a former part of this chapter. The whole basin 
from Hubbard point clearly suggested a topography opening 
to the south, which now anyone can see at a glance, as shown in 
map, Plate xxrt. : 

Had not the drift hills adjacent to the Upper rapids been 
too high the water would have coursed a mile westward, when 
it would have swept around the triangle between Victoria Park 
and Chippawa village. In this case the river would have estab- 
lished its course in the deeper channel without forming the 
Upper rapids. The tendency of the river to sweep round and 
remove these drift hills is shown in the broad flat of Victoria 
Park, and in the cove which contains Dufferin islands. 


LOWER TERRACES OF FALLS-BASIN. 


The lower terraces of the Falls-basin, below the one des- 
cribed at about 317 feet (page 115), are of minor importance as 
they only mark the lowering of the stages of the river during 
the recession of the falls. In Victoria Park the undermin- 
ing of the higher terraces has led to the formation of one 
high bluff, yet on approaching its northern end a terrace is 
distinctly separated, at an elevation of 308 to 310 feet. It 
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continues about a third of a mile north of the Upper Arch 
bridge where it is cut off at the edge of the chasm. It is com- 
posed of commingled river gravels and earthy deposits. Its 
equivalent occurs at Prospect Park and on Goat island, and its 
level is that of the rock floor at the Narrows, where crossed by 
the railway bridges. This last feature suggests that this ter- 
race was formed in quieter water held back by the higher floor 
in the vicinity of Hubbard point. 

Another terrace is shown at 292 feet, having a lower rock 
floor in front at 280 feet. The lower rock floor in the 
vicinity of Table Rock House at 265 feet, and a still lower 
fragment at 258 feet, are remains of the bed of the Falls-Chip- 


pawa basin, uncovered by the modern river. 


RESULTS OF FINDING THE FALLS-CHIPPAWA VALLEY. 


The account here given of the Falls-Chippawa channel is, I 
believe, the first suggestion of its existence. It certainly is the 
first proof of its discovery, with the topographic features 
opening to the southwest. These, as described in this chapter, 
establish the origin of the Falls-basin and that of the Upper 
rapids, and reveal the existence of the deeper trough out of 
which the falls are now beginning to emerge, with consequent 
retardation of their recession. They also show the former 
reversal of drainage in this district. Lastly, the investigations 
here described led to the finding of the great ancient outlet of 
the Erie basin, which, as earlier discoveries showed, received the 


pre-glacial drainage of the Upper Ohio river. 


PLATE XXIII. a. 


ae 
a8, 
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View of southern end of Foster Flats, obstructing gorge, with rapids 
cutting round, (from Whirlpool Point). 
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View of upper end of Foster Flats, and Rapids, with outlet of Whirlpool 
in the distance, (from near Devils Hole). 
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CHAPTER XIV. 


FOSTER FLATS—RECORDING CHANGES OF HEIGHT OF 
FALLS AND VOLUME OF RIVER. 


Significance of this section. 

Characteristics of Foster flats and 
associated features. 

Wilson terrace -of Clinton lime- 
stone and its remains. My 

Pot-holes in fallen blocks 

Distinction between Niagara and 
Clinton blocks. 


Northern spur of Wilson terrace 
and cove behind. 

Union of Niagara and Clinton falls, 
their heights. 

Third or Medina cataract, making 
a channel at Foster flats. 

Increased volume of the river. 

Review of former conclusions. 


- 
SIGNIFICANCE OF THIS SECTION. 

Midway between the Whirlpool and the bend of the river 
beyond the Devils Hole is an extensive terrace projecting far 
into the gorge. This is surmounted by other terraces and huge 
fallen masses of rock, the whole producing a sloping promontory 
extending into the cafion at a level lower than the floor of the 
country trenched by Niagara river. This is shown in Plate 
O-GhN yo 

Standing upon the highest of these terraces, called Winter- 
green flat, which is a fragment of the late floor of the river, and 
looking northward, there appears to be a densely wooded flat 
obstructing the river beneath. This is shown in Plate xxvr. B. 

The name ‘ Foster flats’ was derived from that of a set- 
tler of early days, and locally the main terrace is known by this 
appellation, which also appeared on charts of the river many 
years ago. Lately, however, the Park Commission called it the 
Niagara glen. In the true sense of the word it is not a glen 
as it occurs on one side of the river only, in the form of a ter- 
race surmounted by others or’ flats wherein the whole scientific 
importance lies. The term ‘ bottom’ could also be appropri- 


ately used. Foster flats was not mentioned in scientific litera- 
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ture until I drew attention to their bearing upon the history of 
the Falls, 1894.* Foster flats furnish by far the most im- 
portant records in the history of Niagara throughout the 
gorge. 

CHARACTERISTICS OF FOSTER FLATS AND ASSOCIATED FEATURES. 


Foster flats (see large map) begin at 11,000 feet from 
the mouth of the gorge, in a little eddy at the point of the wedge 
where the river is about twenty feet above the lake. Then they 
broadens out and extends up the cafion for a distance of 3,600 
feet. At first the terrace in front of the talus has a breadth 
increasing from 60 to 100 feet in a distance of less than 300 
feet from the end of the flat, with an elevation of about twenty 
feet above the river. Here is a sudden rise to thirty-five or 
forty feet, whereupon the terrace rapidly broadens out to 300 
feet. On its lower surface there are almost no fallen masses 
until reaching 600 or 700 feet from the lower end. (See map 
Plate xxiv., also figure 23.) 
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Fig. 28. Longitudinal section of Foster flats. R.—river surface above 
flats (below Flats river is 20 feet lower). LL. O.—level of Lake Ontario ; 
X. X.—approximate bed of channel partly refilled with blocks producing 
Foster rapids; a b c d ef g, profile 200 to 300 feet from edge of river ; 
showing steps nearer the river at f and g. Spur of fallen masses at d with 
valley ¢ at flat-level. W. P., Wilson point (or end of spur) of Clinton 
limestone with trail of blocks in front extending to river rapids. W. t., 
Wilson terrace of Clinton limestone (C. 1.), 100-200 feet wide, ending at 
lower end in a spur of fallen masses. g. M.—gray Medina band forming part 
of floor of flats; N.1., Niagara limestone wall behind, with spur (Winter- 
green flat) projecting 400 to 500 feet between x and y. 


At a thousand feet from the northern end, the plain has a 
breadth of nearly 800 feet, reaching from the river to the foot 
of the talus slope. Here is the end of the medial ridge, which 


**Duration of Niagara Falls,’ by J. W. Spencer, cited before. 
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extends from under Wintergreen cliffs, and incloges a cove of 
several hundred feet in length, the floor of which rises from 
seventy-five feet above Lake Ontario at end of spur, to 115 
feet at its head, where it is characterized by fallen blocks. 
Wilson ridge, traversing the flats, is 150 to 200 feet from the 
river, with the terrace in front, nearly fifty feet above the water. 
From the end of the ridge to the Pavilion is about 800 feet. 
Midway is an abrupt rise of ten feet to the higher terraced 
floor, which in front is seventy-five feet above the lake, rising 
backward somewhat rapidly to the foot of the Wilson ridge. 
At a short distance above the Pavilion the terrace is sur- 
mounted by higher ground partly composed of natural strata, 
but these are mostly buried by fallen blocks which represent 
a tongue of débris extending from the higher ledges cross- 
wise of the river. Many of these blocks rest upon large round- 
ed boulders and stones which belonged to the bottom of the 
river. Beyond this spur is an embayment along the course 
of the intermittent drainage streams, with the floor having a 
height corresponding to that of the terrace. Farther on is 
another spur. Here the disturbed strata extend directly to the 
cliff above the water, and are covered by great fallen blocks. 
The end of the ridge is seen in Plate xxv. a, which also shows 
the rapids in front of the flats. 

Passing the second spur, or Wilson point, the slope rapidly 
descends to the surface of the main step or terrace, which 
extends to the upper edge of the flats 600 feet beyond 
Wilson spur, with a height of seventy-five feet above Lake 
Ontario. The two cross spurs shown on map are composed 
of blocks derived from Wintergreen cliffs, and from Wilson 
terrace. Indeed, it is from the blocks of these spurs that the 
river is obstructed so as to give rise to rapids situated here. 

The descent of the river from above Foster flats to just 


below the Pavilion, is about fifteen feet, while between here 
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and the lower end of the Flats it is only five feet. (See map, 
Plate xxtv.) 

The terrace at the upper end of the old river bottom shows 
that the forces of the river were still at work here at the same 
level as that which obtained while the falls were at the lower 
part of the flats, but a great change occurred immediately 
above them. As the terrace bends round from the nar- 
rows to the foot of the cliffs, close to the talus banks, it is 
indented bya trench leading to Fisherman eddy (also called 
Cripson eddy), cut through the underlying thick Medina beds; 
so that although there is no permanent stream the rains and 
frost action have excavated a large gully out of the hard rocks. 

While the main floor is generally underlaid by the Medina 
band of gray sandstone haying a thickness of fourteen feet, 
with spurs covered by fallen blocks surmounting it in front 
of Wintergreen cliffs, yet the lower end of it has a level 
below the surface of the Medina sandstone. This shows 
that its origin and preservation are not entirely due to the dur- 
able rocks contained in it. So, also, with regard to the shales 
and red and mottled sandstones of the overlying spurs. Indeed 
these spurs are the remains of the Wilson terrace (W. P. figure 
23) which once extended across the river, when the inter- 
mediate falls from the Clinton beds had not yet united with 
the upper Niagara falls, which union is found to have taken 
place here. The cul de sac, behind Wilson terrace, continues 
broad, heading in the marginal wall of the cafion from which 
Wintergreen flat projects, but the apex is beyond the limit of 
the old river bank. z 

On descending the cove and receding from the cliffs the 
blocks become more seattered and almost disappear, in strong 
contrast to those at the head—(one of which measured fifty 
by forty by twenty feet)—showing how the river grinds up or 
dissolves the great masses which fall into it. Here on the 


terrace is a feature of the river floor showing what would be 
12 
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expected if the present channel could be drained. This floor 
was the old bottom of the river when the waters were descend- 
ing upon it from the second cataract. 

The northern face of Wintergreen flat shows a broad 
V-shaped incision, over the edge of which the river once cas- 
ceaded. In front of the old river bank at Wintergreen flat its 
inner edge has an altitude of 316 to 318 feet, with a floor 
sloping downward to 305 feet at the northeastern angle. Thus 
the river must have reached a depth of over ten feet. The pre- 
sent form does not show the shape of the crescent when Niagara 
falls were located here. The northeastern angle of Winter- 
green is undereut as if by currents rounding the point. The 
precipitous cliff is forty-five feet to the talus, which now slopes 
sixty-five feet to the Wilson terrace, at an elevation of 
195 feet above Lake Ontario, The point, 310 feet on map, is 
still more under-cut, as this was the last spur at the apex of 
the falls of smaller volume, before the union of the upper 
Niagara and Clinton cataracts. This feature locates the middle 
of the original river and gorge, when the upper falls were cas- 
cading on the Clinton or Wilson floor, as is more plainly seen 
in the field than on the map. 


WILSON TERRACE OF CLINTON LIMESTONE AND ITS REMAINS. 


This terrace is due to the massive bed of Clinton limestone 
of eight or ten.feet in thickness resting on another ten feet of 
thinner limestones. The upper bed is extremely durable, while 
the lower beds are somewhat yielding. Again, these strata rest 
upon the more perishable red shales and sandstones of the 
Medina series. Here occurs a conspicuous flat which I have 
called the Wilson terrace, in honour of Mr. James Wilson, who 
turned these wilds among the huge masses of fallen rocks into 
a wonderful park, unlike any other in eastern America. 

In front of the talus below Wintergreen cliffs the Wilson 
terrace has a breadth of 100 to 200 feet. Below the eastern angle 


ss 


PLaTte XXV. a, 


View of head of Foster Flats, and of Wilson Point, where the upper 
and middle cataracts united. 
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View of Cove and widened channel, where Foster Flats are abruptly 
123 cut off at their head. 
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of the upper cliffs (310 feet above the lake), the spur of Wilson 
terrace (map and Plate xxxv. a), extends outwards across the 
course of the river, and terminates 400 feet from the edge of 
the cliffs with detached masses beyond. On the southern side 
of this spur the terrace is bounded by cliffs twenty feet or more 
in height, in front of which is a talus strewn with blocks of 
fallen Clinton limestone. These are now lying outward where 
they were broken off as the currents undermined them by the 
removal of the softer strata beneath. It seems strange to see 
the effect of the river undercutting in front of it instead of on 
its margin, but this spur is a remarkable record of the union 
here of the secondary falls and the upper Niagara falls. 

In front of the main face of Wintergreen cliffs, there is a 
great assemblage of fallen blocks below the level of Wilson 
terrace. One of these blocks, though now split in two, is eighty 
feet long, twenty feet wide above the ground, and eight or nine 
feet thick. It hes crosswise of the course of the river. It is 
the fallen edge of the Wilson terrace undermined from the 
lower side of the river, when the falls were still cascading over 
it, and it les only a short distance below its natural position. 
In this locality are found an immense number of these great 
blocks, and they show that the Wilson terrace must have ex- 
tended across the river, being the floor of the channel into which 
the upper falls cascaded, but located nearer the Canadian side 
than the present channel of Foster rapids, as shown in Plate 


xxvi. a and other figures. 


POT-HOLES IN FALLEN BLOCKS. 


Here are found pot-holes in fallen blocks, formed beneath 
-the falls, after the blocks had broken loose and were resting on 
the slopes below, as shown by the holes which now have a vertical 
position. Three of these pot-holes in one block have a diameter 


of eighteen inches with a depth of three feet or more. Another 
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one had a diameter of from three to four feet, and a depth of 
eight feet with the bottom broken out. (Plate xxvir. A.) 

A. little specimen of a pot-hole illustrates their mode of 
formation. A lead sinker for a fishing line with a conical shape 
and a length of three inches and diameter of one inch had been 
lost in the Upper rapids. When recovered it was found to have 
made a pot hole only a quarter of an inch larger than its own 
diameter. The sinker itself was very little reduced in size. 
It seems that the sand beeame imbedded in the lead and this 
acted as a grinding tool to bore out the pot-hole. So it is that 
the round polished pot-holes are made by the sand being ground 
between the stones and the rock itself, and these pot-holes 
are due more to such an abrasion than to direct action of the 


pebbles, which would soon be ground away. 


DISTINCTION BETWEEN NIAGARA AND CLINTON BLOCKS. 


The Clinton blocks can easily be recognized. They are never 
more than eight or ten feet thick, while those derived from the 
Niagara cliffs may have a much greater thickness. The Clin- 
ton blocks have more or less the form of great slabs and can 
thus be distinguished from the thicker and more cubical 
Niagara ones. Minute examination, however, would show 
other characteristics for distinguishing the two kinds. Upon 
the Wilson terrace there are a great many fallen blocks from the 
Niagara cliffs. So, also, beyond the remaining terrace among 
the Clinton masses, even down to the river edge, the Niagara 
blocks occur in great numbers. These show that Wintergreen 
flat must also have extended much farther toward the middle 
of the river after the recession of the Upper falls than now 
appears. 


NORTHERN SPUR OF WILSON TERRACE AND COVE BEHIND. 


From under the northeastern point of Wintergreen cliffs 
the Wilson terrace tapers to a point 200 or 300 feet distant. 
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The base of this wedge is about 100 feet across. Towards the 
point some transverse fissures dissect the mass. Beyond we find 
these surface blocks first separated, though in their natural 
position, and farther on they are tilted. This feature extends 
for another 300 or 400 feet. This is the narrow medial ridge 
on Foster flats. While some blocks of Niagara limestone occur 
upon the surface of the spur near its base, yet the fallen blocks 
of the ridge are those of the thick Clinton band which had been 
undermined on the removal of the underlying strata. That 
this ridge is part of the old Clinton floor, of which remnants 
extend as far southward as Wilson point, there is no question; 
but the occurrence of this cove behind the spur of Wilson terrace 
already mentioned, presents difficulties. 

The Wilson floor was the bottom of the river receiving the 
waters of the upper cataract; Foster flats in the same manner 
received the falls from the Clinton limestone, but in the cove 
the evidence of an intermediate water fall from the Clinton 
bed does not appear. The apex of the cove in the northern side 
of Wintergreen flat is beyond or outside of the original banks 
of Niagara river, where the floor was 316 feet above the 
lake. Outward of this at a distance of 400 feet the floor is 
lowered by ten feet (see map Plate xxv.) ; consequently this 
cove, heading where the water was shallowest, could not have 
been made by the current of river. Its origin is not apparent. 

This feature is at variance with the physics of the normal 
falls, and cannot be overlooked. An island surmounted on the 
ridge, as suggested by Mr. Gilbert, would have had to be in front 
of the main course of the river, as it was passing the deepest 
channel, where Wintergreen flat is now located, with the apex of 
the lateral falls not in the middle, but on the outer edge of the 
gorge, where the water must have been shallowest. This is a 
very strong reason for discarding the idea of an island of such 
extreme narrowness as to be less than its height above the 


Clinton rocks, besides which the necessary débris of Niagara 
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limestone does not appear. The occurrence could scarcely be 
expected as it would not be consistent with the Clinton floor of 
the intermediate falls. 

The present channel is an encroachment of 400 feet 
or more upon the eastern side of the gorge. Accordingly, the 
river must have passed over the transverse spur of Wilson point 
with the Wilson terrace as the northern spur, for a remnant of 
the floor is still preserved beneath Wintergreen flat. This con- 
clusion is confirmed by the features shown in Plates xxmmt., 
XxiIv. A and xxvi. a, and xxvi. B, indicating that the outer 
point of Wintergreen flat was near the middle of the river, 
which, from the views, is seen to be diverted entirely out 
of its course to the eastern edge of the gorge. At the spur 
of Wintergreen flat (310 on map) is a projecting point show- 
ing the place where, at one time, was the apex of the falls 
which caseaded to the Clinton floor below, with a lateral shelf, 
like that of Goat island, over which the waters were still flowing 
hundreds of feet in advance of the apex. 

The intermediate falls from the Clinton limestone became 
rapids in places, over the harder upper layers of the Medina 
series, as shown by the rising ground at the cove, and also by 
features well shown at the lower end of Smeaton ravine. 
These rapids soon passed to the softer layers until the channel 
reached the Medina gray sandstone band. 


UNION OF NIAGARA AND CLINTON FALLS——-THEIR HEIGHTS. 


The Wintergreen flat was the floor of the upper falls. The 
Wilson flat, which was the floor of the intermediate cataract, 
indicates the separation of the two falls, the latter descending 
from the Clinton limestone band into the river flowing over 
Foster flats and covering the floor of Medina sandstone. 
Behind the northern spur, and also above the terrace south of 
Wilson point, the absence of the Clinton limestone bed of the 
middle falls shows changed conditions. 


ee 


Pirate XXVI. A. 


View of Channel with Foster Rapids, passing around Foster Flats, and 
under-cutting the eastern side of gorge. 


PLATE XXVI. B. 


View looking down on North End of Foster Flats and River, " 
from outermost point of Wintergreen Flat. 
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With the Wilson terrace abruptly ending, the Clinton 
and Niagara cataracts finally united at this point, but they 
did not excavate more deeply than before their union. At 
the time of the union the course of the current was obliquely 
from the Canadian to the New York side, and it is found to 
have been diverted by the walls of Wintergreen flat and Wilson 
terrace. A higher buttress nearly opposite 310 on the map, 
occurs on the New York side. This, however, has not the form 
of a terrace, but is the sloping edge of the plateau above 
(Eldridge). This feature of the falls breaking through a 
barrier and leaving buttresses on both sides is repeated at the 
present outlet of the Whirlpool (Plate xxvit. B, on page 190), 
where they have considerably reduced the present breadth of the 
canon. 


The union of the two cascades easily explains the cliffs 
facing up the river on the southwestern side of Wilson point. 
These were undermined by the currents sweeping against 
them and causing the blocks of Clinton limestone to fall out- 
ward in a direction opposite to that of the course of the river. 
The upper cataract had a height of 120 feet measured from 
the edge of the old channel at Wintergreen flat to Wilson 
terrace and from this floor to Foster flats, the Clinton or second 
cataract fell another 120 feet (taking the mean height of the 
flats which rise somewhat immediately below). During the 
epoch of the Clinton falls the volume of the water was only 15 
per cent of the total present discharge (Chapter xx.). As the 
retarded river below Foster flats has now a depth of only sixty- 
three feet the former depth of the water may be taken as not 
exceeding ten feet or less with free drainage; but the barrier at 
Wilson point may have temporarily increased the depth of the 
river above, after the addition of the Huron drainage. 


The distance from the mouth of the gorge to Wilson point, 
which is the last remnant of the Clinton floor before the union 
of the two cataracts, is 13,400 feet. The united falls now 
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receded another 600 feet to the head of Foster flats, when the 
great change in the physics of the river occurred. The lowering 
of the Ontario waters on this section had as yet no other effect 
than that of affording an easy slope for the drainage. 


THIRD OR MEDINA CATARACT—CHANNELLING FOSTER FLATS, 


At Foster flats another record of great change in the features 
of Niagara river is found. With the emergence of the floors of 
the river, by the lowering of the Ontario level, thus drawing off 
the water from the Clinton channel, a third fall came into 
existence, due to the occurrence of the heavy band of Medina 
gray sandstone. The volume of the river was not yet increased, 
so that a small channel was sufficient to take the stream with 
rapid descent. 

The narrows at Foster rapids have been formed by obstruc- 
tions of fallen blocks derived mostly from the eastern wall, as 
the river has been creeping that way and undermining that side 
(see Plates xxvr. a and B). Some blocks have rolled off the 
end of Wilson point. This blocking of the channel has oc- 
curred since the backing of the Ontario waters into the Niagara 
gorge at a later date. 


INCREASED VOLUME OF TILE RIVER. 


After the upper united falls had passed Wilson point they 
descended 240 feet directly to the floor of Medina sandstone, 
yet they could not penetrate it. So they continued until 
they reached the head of Foster flats. It is immaterial how far 
the third fall lagged behind the united upper ones. The 
flats are 35 feet higher than the river to the south of them, 
which is 99 feet deep. The modern falls with their present 
height have an effective erosive force of 80 to 100 feet below the 
river surface. Now it is found that the force of the river was 
sufficiently increased to penetrate the original floor to a depth 
of 135 feet. This actual deepening corresponds to the increased 


PLraTeE XXVIII. a. 


Large pot-hole, with bottom broken through, formed in block of limestone after 
it had collapsed beneath the Falls when they were at Foster Flats, 
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Prate XX VII. B. 


View of Thompson Point and buttress below, (looking across outlet of 
Whirlpool). 
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mechanical power of the falls, due to increased volume, when 
the falls were passing this section. The penetration of the flats 
by the third cataract seems to have been when the falls were at 
the Whirlpool, for here the surface is lowered some 30 feet 
below the level of the flats, but the Whirlpool reaches to an in- 
creased depth of about this amount, below the floor of the chan- 
nel outside of the pool,—with the consequent lowering of its 
surface, so that the falls were here able to excavate to the 
greater depth, than is now seen further down. 


The sudden widening of the channel occurs immediately 
above the head of Foster flats, as may be seen in the map and 
in Plate xxv. B, as well as also the deepening observed in the 
soundings between here and the Whirlpool, where a complete 
section of the broad U-shaped channel was obtained. The river 
in front of Foster flats is about 300 feet wide, while just above 
it attains 900 feet, but beyond this local enlargement the mean 
width of the river is only 650 feet. The united upper and 
middle falls together had receded only 600 feet when the great 
enlargement took place. As there was no increase in the height 
of the falls, this enlargement could only have been due to a 
greater volume of water, such as the addition of the Huron dis- 
charge to the Erie drainage and the Niagara river, which 
actually occurred. (See Chapter xxvir.) 

Opposite the upper end of Foster flats, upon the eastern side 
of the gorge, is found an indentation in the cliff. It extends for 
about a thousand feet to a rocky promontory, and the general 
outline suggests a former connexion between it and Wintergreen 
flat. The conclusion arrived at, concerning these features, is that 
this is the locality where the increased volume of the river be- 
came effective, producing falls oblique to the general course of 
the river, as the waters were cascading into the smaller and 
more ancient channel which was insufticiently: large to take the 
increased discharge, so that this was carried down and passed 
over the side of the chasm into the channel below. Such a 
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condition necessarily in time excavated a broader cafion which 
assumed a normal form by the recession of the falls. 

The distance between the upper edges of the cafion is ab- 
normal, reaching to 1,700 feet. This gave the impression that 
an extraordinary volume of water had been required to excavate 
such a great breadth. Below the Whirlpool the old banks of 
the river were 1,500 feet apart, while the gorge has a breadth 
of 1,300 feet. Above Wintergreen flat the former channel 
widens to 1,650 feet, while at Wintergreen point the gorge itself 
is reduced to 1,200, and farther down its breadth is 1,400 feet. 
The elliptical form (as shown on the map) is not a usual 
feature, 

That the course of the ancient river was over Wilson point 
is unquestionable. The deeper small channel on the side, with 
the Medina falls, directed the course of the now enlarged river, 
with the increased quantity of water pouring into the western 
side, obliquely, as just mentioned. This naturally crowded the 
gorge upon the eastern bank, as shown in Plates xxvi. a and B, 
and accounts for the widened cafion here, beginning to expand 
out of its natural course into an elliptical form just above the 
head of Foster flats, and the residual upper terrace of Winter- 
green. These features, both in the gorge and at its outer edges, 
establish the position of the falls when they received the in- 
creased volume of water from Lake Huron. 

The slope of the banks, in the curve of the river below Foster 
flats, on the eastern side of the gorge, is much less than in front 
of them, where there has been more recent undermining of the 
lower formations. On the Canadian side frost action is shown 
both above and below Wintergreen flat where the walls have 
fallen away from 50 to 100 feet, cutting off abruptly the 
original river bank which extends from back of the Whirlpool 
to a point 1,400 feet from the head of Wintergreen. Below 
Wintergreen the terrace has also fallen away so that the wall 
of the gorge is now back of the position of the old shore line. 
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At Wintergreen, the original banks are well preserved. A few 
hundred feet farther on the old shore line reappears and recedes 
from the present brink, showing what was a lagoon or expansion 
of the river. (See large map.) 

Upon the revision of the physics of the Whirlpool gorge, no 
evidence was found to show that there had been an increased 
volume in the river in this section, but the old banks were 
strongly cut terraces indicating great width the river, not 
merely to the Whirlpool, where the western shore has been 
undermined and fallen away, but also to below Thompson point, 
and between it and the head of Wintergreen flat. 

To repeat, the strongest proof of the augmentation of the 
river at this point is found in the penetration of the former floor 
of the channel above Foster flats, of which they are a remnant. 
These have a height of seventy-five feet above Lake Ontario, so 
that the soundings above them, in the channel 650 feet wide, 
reaching to fifty-nine feet below the lake, show that the increased 
discharge was able to penetrate 135 feet into the solid rock floor 
which received the earlier volume, and carried it to the third 
cataract situated farther down the gorge. The surface of tha 
river has been lowered thirty-five feet or more since the receding 
third fall subsequently penetrated Foster flats. Indeed this 
depth of penetration corresponds to the height of the falls at 
this locality, in the changing physics of the river. 


REVIEW OF FORMER CONCLUSIONS. 


This revision of the study of Foster flats is made de novo, 
eleven years after the first writing on the subject. That the 
falls had receded, under a reduced descent of the river and 
volume of water, to the point was then shown. But between 
this locality and the head of Whirlpool rapids difficulties then 
arose, to which only suggestive hypotheses could be applied. 
Owing to the lapse of time I was not guided by any precon- 


ceived theories in the present revision of the work. Nor did I 
13 
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refresh my memory by reading my earlier contributions, so that 
the present interpretation has not been the result of previous 
impressions. It is satisfactory to me, to find how well the early 
pioneering hypotheses have withstood the test of time and re- 
investigation. 

In 1894 I concluded that the great increase in the volume 
of the water took place when the falls were at the head of 
Foster flats, stating that :—‘ After passing Foster flats the chasm 
shows the effect of a greatly increased force, for the gorge is 
again widened and the terrace below washed away. . . . The 
magnitude of the erosion indicates an increased discharge which 
was produced by the turning of the waters of the Huron basin 
and adding them to the Niagara drainage. The effects of the 
greatly increased volume of water were to widen the chasm 
and cut away part of Foster platform, but leaving enough to 
tell their history (page 466+). This is one of the discoveries 
in the physies of the river, furnishing a time element in com- 
puting the age of the falls. 


While three cascades were distinctly recognized, the upper 
and middle falls were not then known to have united here, for 
the detailed structure at the flats had not been studied so closely 
as during the present investigations. The depth of the river 
at Lewiston was thought to be only ninety-six feet, so that the 
great descent of the Medina falls and rapids was not known. 

In 1888* I discovered that the Huron waters only lately _ 
turned into the Erie drainage. This paper was soon followed 
by others. One of these was an essay on Niagara falls, pub- 
lished within a few months, by Mr. G. K. Gilbert, in which he 
has based his studies of the changing physics of the falls mostly 
upon my work. Two of the most important discoveries, which 
he adopted, are the change in the Huron drainage, and the posi- 
tion of the falls when their volume was increased. Writing of 


yj Duration of Niagara Falls, cited before. 
* Proc. Amer. Aiss. Ad. Sci., Vol. XXXVII., pp. 197-199, 1888. 
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these in 1895, he says: When the falls had receded to just 
beyond the end of Wintergreen flat (that is the high level ter- 
race above Foster flats), ‘ probably at about this time the whole 
amount of water in the river was increased in a manner to be 
considered later.’ (p. 222.+) This had been ‘explained by me 
in ‘ Duration of Niagara Falls’ (p. 446). Again he says: ‘ By 
the tipping of the basin, the lake (Huron) was made gradually 
to expand towards the west and south, till the last waters reach- 
ed the pass at the head of the St. Clair river. Soon afterwards 
the water ceased flowing through North Bay outlet’ (p. 229). 
This was his form of adoption of the change of the Huron 
drainage found by me in 1888. 


A little later Mr. F. B. Taylor{ worked out an explanation 
for the Whirlpool gorge. He thought that the waters of Lake 
Huron turned into Erie as I had set forth, but that they were 
again withdrawn, owing to changes in ice dam, when the falls 
were passing the Whirlpool rapids and that later when Niagara 
falls were just south of Cantilever bridge, the full volume of 
the Huron discharge was again added. Had it not been for the 
new evidence of the character of the Whirlpool rapids, the pro- 
blem might remain unsolved. 


+ National Geographic Monograph Series, No. 7, New York, 1895. 
+ Bull. Geol. Soc. Amer., Vol. IX., pp. 59-84, 1898. 


CHAPTER XV. 


TERRACES ABOUT END OF GORGE, AND LAKE LEVEL 
BELOW THE PRESENT. 


Roy terrace and lake level at birth Delta of Niagara river and further 
of falls (287 feet). Subsidence of lake. 

Eldridge flat (200 feet), Lowest level of water in Ontario - 

Bell terrace (174 feet). basin. 

Iroquois beach (137 feet). Final backing of waters to their 

Lower terraces. present level. 


ROY THERRACE AND LAKE AT BIRTH OF FALLS. 


The main banks of the river at the birth of the falls crossed 
a ridge extending to half a mile-south of Brock’s Monument 
and Hall point, where the old shore line has been removed 
by the falling of the brink (see large map and figure 24). 
Beyond this ridge an indistinct water line occurs at a corre- 
sponding height, showing the temporary level of water in the 
Ontario basin at about 322 feet above its present level. Near 
the point where Brock stream crosses it, about 500 feet inside 
the escarpment on the western side of the gorge, is a well 
marked bench which I shall call Roy terrace in honour of Mr. 
Thomas Roy, who made a study of the Canadian terraces ad- 
jacent to Lake Ontario as long ago as 1837.* 

The inner edge of this terrace has an elevation of 287 feet, 
and 284 feet farther out, while there is a subordinate one near 
brink of gorge at 275 feet for the inner and 268 feet for the 
outer edge. This is the flat in front of the shelter of the 
Electric railway at Brock’s Monument. Its maximum breadth 
may be taken at 300 feet, with the rocky banks behind rapidly 
rising to Brock’s Monument forty-two feet higher. The total 


* Cited in Geology of Canada, 1863. 
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length of this terrace is 900 feet, but the last 450 feet are be- 
yond the mouth of the gorge and are composed of delta deposit 
of river stones of various sizes, while the southern part is under- 
laid bv rock. The northern side of the delta terrace forms a 
steep slope to a lower terrace. This marks the floor of the 
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Hig. 24. Map of terraces at end of Niagara gorge. 
(Reduced from large map). 


river at the time when the falls had their birth. 
on opposite page. ) 

On the rocky face of Brock cliff the Roy terrace soon 
becomes indistinguishable. Though this old water level has 
not been continuously explored it appears to occur at many 
points along the brow of the Niagara escarpment, where the 
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front part of it seems to have been cut down by the old lake 
waves for twenty or thirty feet below the rising ground back 
of it. Still the recognition is easiest where the waves carved 
shore lines out of the soft drift material. 

About half a mile west of the road, from St. David south- 
ward, an old shore line becomes conspicuous, bounded by low 
rocky bluffs. Ata mile and a half farther on, but still east of 
the Welland canal, a spur of the Niagara escarpment stands 
out prominently above the plain below. The col connecting 
this outlying spur with the escarpment behind forms the floor 
of the terrace just to the eastward. Its height is 287 feet. In 
the region of De Cou falls (thirteen miles from Niagara river) 
at 283 feet, and on the opposite side of the great valley of 
Twelve-mile creek, the inner side of the terrace, with a rocky 
bluff behind it, has an elevation suggesting that it is at the same 
level, as at Roy terrace. The feature is repeated above Jordan, 
about seventeen miles from Queenston, with apparently the 
same elevation. But no survey has been made that can give 
the proper extension of this terrace. Suffice it to say that Roy 
terrace at the mouth of Niagara river plainly indicates that the 


height of Niagara falls, at their birth, was about thirty five feet. 


HLDRIDGE FLAT. 


On the eastern side of the mouth of the gorge there is a cut 
terrace about 100 feet wide and 200 feet high, shown on the 
map and named Eldridge flat. Its preservation is no doubt 
due to the harder beds of the Medina red sandstones distributed 
among shales, but its form is that of an old shore line, which 


represents a pause in the lowering of the Ontario waters. 


BELL TERRACE. 

Bell terrace is the next. On this is located the road from 
Queenston to St. David and westward. At the crossing of this 
road over the Electric railway its height is 174 feet. With a 
breadth of a few hundred feet it extends to St. David, where 
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the average height is 168 feet, although it is somewhat lower 
at the corner of the hotel. At St. David it widens out to half 
a mile or more, back of which are the drift hills in front of 
the Niagara escarpment. Behind Merritton it is more difficult 
to separate from the topography, but it reappears as a distinct 
feature at other points, as east of Jordan. I have noticed the 
same terrace at points ten miles east of Hamilton. It is some- 
times narrow, rising rapidly to the hills behind, or even cut 
away at points on the side of the escarpment. Again, it is broad. 

From Niagara river westward its edge forms a steep bluff 
behind the old Iroquois shore line, which is thirty-five or forty 
feet below. The Bell terrace is seen on the one hand rising 
gently to the bluffs behind, and on the other descending abruptly 
to the Iroquois shore line in front, this makes the terrace a 
strongly marked feature in front of the Niagara escarpment. 

Adjacent to Niagara river, at a few feet below its surface, 
the Bell terrace is underlaid by red sandstones and shales of 
the Medina series, and these, in part, no doubt, give rise to the 
persistency of the prominent features. But it is not everywhere 
on such a foundation. At St. David, and for some distance 
westward, the wells, to a depth of sixty feet in sands and 
gravel, show that the Medina sandstones are wanting, and that 
the terrace form is due to wave action on superficial deposits. 
Tere is evidence of its being the floor in front of an old shore 
line. The inner edge of this terrace rises more rapidly than 
that of the Iroquois plain in front, which may be due to the 
washings from the hills. 

This old terrace, which I have named in honour of Dr. 
Robert Bell, who had made most of the studies in this region 
before 1880,* marks a pause of considerable duration in the 
sinking of the waters in the Ontario basin, and its occurrence, 
as connected with the study of the recession of the falls, is 
important. 


* Geology of Canada, 1868. Report upon Surface Geology. 
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IROQUOIS BEACH. 


Again the waters sunk to the Iroquois shore line, which, at 
the mouth of the Niagara river, has an elevation of 135 to 137 
feet. This is the most conspicuous and perfectly preserved 
strand about Lake Ontario. On the western side of the 
Niagara cafion it is simply a cut terrace in front of the steep 
bank in front of the Bell terrace; it is carved out of a clayey 
soil. Irom this line the old lake bottom almost imperceptibly 
slopes outward. While the gravel beach characterized it else- 
where it is entirely wanting here, with the result that the 
determination of the exact water line is not practicable within 
the range of two or three feet, as the washes from the hills 
behind have somewhat modified its inner edge. With this 
qualification by the use of the level I found it to have a height 
of 130 feet at Queenston. (See figure 24, page 198, also map 
Plate xxxmt.) 

On the New York side, the old shore is more strongly 
marked than on the western, as the joint action of the river and 
lake currents have washed away the talus slopes of the ‘ moun- 
tainside,’ and left a floor of Medina sandstone at 135 feet. In 
front of this terrace is a steep slope to a much lower one, beyond 
which a sand and gravel ridge rises at the village of Lewiston, 
with features such as characterize the Iroquois beach. It is a 
few hundred feet wide and slopes about twenty feet to the 
plain in front. At the end of the spur above the river its 
height is 126 feet, but where it joins the main Iroquois shore 
it has risen to 137 feet, where the crest of the spit is taken at 
a slight elevation above the water line. 

Looking at these features from the western side of the river 
one would suppose they were two shore lines a few feet apart; 
one of sand and gravel, the other of rock. But the former 
declines gradually to the end, and the slope of the spit, deter- 
mined instrumentally, indicates that it is one of those spits 
commonly formed beneath the water level where rivers enter 
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lakes or seas. The well developed Iroquois beach was one of 
long duration, sufficiently so to allow the building up of gravel 
ridges often 300 to 500 feet wide, and fifteen or twenty feet 
thick. This beach marked the longest pause in the lowering of 
the waters of the Ontario basin, while the falls were receding 
to Foster flats, which, together with other beaches and Smeaton 


ravine, record the story of the early Niagara falls. 


THE LOWER TERRACES. 


Behind the Iroquois spit a lower terrace is seen at 
seventy-five feet. Farther down the river, two miles below, 
at Field point, the old river bed and bank are well shown 
where the floor is composed of gravel overlying shale or clay 
deposits. Here the effects of the river were strongly marked, 
in channelling out the surface, or depositing bars. The height 
of the raised river bottom is about forty feet at the upper 
end, and somewhat less at the lower, with the surface chan- 
nels increasing in depth. Opposite, on the eastern side, is a 
cove forming a deep indentation in the generally high bank with 
an elevation corresponding in height, while the edge, below 
Field point, is marked by a lower water line of twenty feet or 
less. 

At the mouth of the river is a somewhat extensive river 
flat in front of the town of Niagara-on-the-Lake. Its height 
is only three to five feet above the water, behind which is a 
steep bank. The whole story is not told, as the lake continued 
to recede much below the present level. But this terrace was 
made after the lake level rose again from the extreme subsid- 
ence, but before the recent lowering. 


DELTA OF NIAGARA RIVER AND FURTHER SUBSIDENCE OF LAKE. 


It is an undetermined question whether these lower ter- 
races record only the original subsidence of the lake waters, 
or whether after the original shrinking of the lake to a smaller 


area, with the subsequent rise, the lake surface may not have 
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been slightly higher than now, so that the lower terraces mark 
a second subsidence, due to the cutting down of the St. Law- 
rence outlet. Lower water lines of the Ontario basin are now 
drowned. The Niagara river below Lewiston has been re- 
filled with river deposits so that its depth is now reduced in 
places to only thirty or forty feet. Near the lake the river 
is seventy-two feet deep. Beyond the mouth there is a fan- 
shaped delta extending nearly four and a half miles, at first 
covered with only twenty to thirty feet of water, but with 
forty-eight to sixty feet near the edge. Beyond this margin, 
there is an abrupt descent to 100 or 150 feet, with the lake 
further increasing in depth beyond. The submergence indi- 
cated here is a repetition of the features about Burlington 
bay, at the end of Lake Ontario, which has a depth of seventy- 
eight feet behind a beach five miles from the end of the lake 
mentioned long ago by myself.* With regard to the delta of 
the Niagara river, to which Mr. Gilbert called attention as 
evidence that the lake level was from 100 to 200 feet lower 
than now, it may be said that as the delta deposits at their very 
edge rise to within about sixty feet of the surface, and as there 
are no indentations in the isobaths beyond, they do not of 
themselves furnish any evidence of greater subsidence of the 
lake than this amount, although the accumulations may have 
been heaped up in deeper waters immediately beyond, now 
covering the topography of the pre-glacial basin of the lake. 
From other proof a lower water line might have been in- 
ferred, such as that of the ninety-six foot sounding at Lewiston. 
Until the present time this depth of the river below the end of 
the gorge had furnished all the evidence of the former greatest 
emergence of the Niagara channel. Now, however, the deep 
sounding to 183 feet affords the first demonstration of the late 
great subsidence of the lake waters affecting Niagara river. 


**Geology of the Region about the Western End of Lake Ontario.’ 
by J. W. Spencer, cited before. 
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The shore line represented by the delta, I have taken as the 
equivalent of one now raised and tilted at the eastern end of 
the lake, which Dr. Gilbert stated passed under the lake waters 
at Oswego. 

The lake level, so far as it affected Niagara river, must 
have sunk to that of the deepest sounding, thus lengthening 
the channel by eleven miles and a half, which below the sur- 
face drift is entirely excavated out of soft Medina shale. The 
sinking of the waters below the level of Iroquois beach brought 
into existence the falls from the Medina sandstone, descending 
320 feet to the deep river channel mentioned—a much greater 
height than was suggested by previous evidence. This is shown 
by soundings, to have been diminished only thirty-three feet, 
at a third of a mile within the gorge if indeed the channel here 
is not partly refilled. 


LOWEST LEVELS OF WATER IN ONTARIO: BASIN. 


If the deformation of Iroquois beach be considered as a 
whole it is found that between the head of Lake Ontario and 
Prospect farm, east of Watertown, the differential rise amount- 
ed to 3867 feet. This warping of the land must have affected 
the rocky rim of the Ontario basin, seventy miles below the 
outlet of the lake; so that the waters, if the continent stood 
sufficiently high, could have been lowered another 500 feet. 
But of this amount only a little more than the depth of the great 
sounding is necessary to account for the deep channel of the 
Niagara river unless it be further refilled. 


FINAL BACKING OF THE WATERS TO THEIR PRESENT LEVEL. 


After the time when the waters in the Ontario basin shrunk 
far away from the Niagara shore the tilting of the land at the 
outlet of Ontario caused the lake to rise again, thereby over- 
flowing low lands at its head, and submerging part of the 
Niagara gorge. The final movement was at a late date. Thus 
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was impeded the free flow of the river with the consequent 
effect upon its slope. 

On the return of the waters to what height did they rise ? 
Some years ago I brought forward evidence suggesting that 
it rose to about seventy-five fect, as represented in terraces at 
Queenston, Lewiston, and by certain gravels at the Devils 
Hole.* It is possible that these last may have fallen from the 
deposits of upper river gravel; consequently the evidence here 
is doubtful. The rounded boulders beneath fallen blocks on 
Foster flats cannot be accepted as proof. At the outlet of 
Lake Ontario well marked terraces occur on both sides up to 
sixty feet or even higher, in keeping with those along the sides 
of the lower Niagara river. Whether these shall be found dip- 
ping as if passing under the lake in going westward, or resting 
almost horizontally (as is suggested at many points), is un- 
certain without a complete survey. But the probability seems 
to be that the terraces of seventy-five feet were formed, while 
the water was originally sinking in the lake basin. This 
backing of the water would reduce the descent of the river, 
with some effects upon the lower rapids. To whatever height 
the lake rose after its late subsidence, the subsequent fall of the 
waters has been accomplished by the Saint Lawrence river 


deepening its channel. 


** Another Episode in the History of Niagara Falls,’ Am. Jour. Sci.; 
Vol. VI., pp. 439-450, 1898. 
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CHAPTER XVI. 


GLACIATION AND DRIFT ADJACENT TO NIAGARA RIVER. 


Glaciation in Niagara district. Character of sand ridges. 
Character of clayey and stony drift. River deposits with shells. 


GLACIATION IN NIAGARA DISTRICT. 


The glaciation, or polished and scratched surfaces of the 
rocks, establish the character of the country before the glacial 
period was closed, and sharply defines the work performed by 
the modern river, which at different places has re-exposed the 
old drainage surface, Thus, in the excavation for the aqueduct 
pipe of one of the power companies in the Victoria Park, the 
southern edge of the buried Falls-Chippawa valley was found 
scratched and polished. Again, on rising from the lower ter: 
race at the Whirlpool rapids, a few feet to the higher floor 
the rocky bank of the ancient valley is found polished. This 
proves that the broad channel at the Narrows was pre-glacial. 
So also at the Niagara quarry, on Monroe’s farm, and beyond 
at Harvie fall, the Whirlpool-St. David valley shows its upper 
edge to have been rounded and polished. At the last mentioned 
place the direction is S. 10° W. just outside of the trench, the 
trend of which here is N. 20° W. 

During the summer of 1905 extensive excavations for 
sewers were being made on Ferry road and on the street be- 
yond, in Niagara Falls Centre, which showed that the upper 
rocks had been planed off to a remarkably level surface, highly 
polished and slightly scratched. Here the elevation of the sur- 
face rock is 354 feet; the direction of the striations is S. 45° 


W., approximately in the same direction as this section of the 
143 112 
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river, but as the old valley bends more to the south the course 
of the scratches becomes oblique to the axis. 

At the Queenston quarry, on the mountain point southeast 
of St. David, the main striation is S. 60° W. with fainter lines 
S. 60° FE. and S. Here were observed some deep grooves. It 
may be stated that the course of the glaciation rarely coincides 
with the trend of the Niagara escarpment or other surface 
features, but is oblique to them, often at high angles, thus show- 
ing that these were not produced by the action of the ice, which 
only polished their surfaces. The glaciation is of the highest 
value in determining which depressions are old and which new. 
At various points adjacent to the river, now concealed, the po- 
lished surfaces have been observed; as for instance at Hubbard 


point and opposite to it. 


CHARACTER OF CLAYEY AND STONY DRIFT. 


The drift along the river above Dufferin islands is composed 
of clay mingled with small stones and a few boulders. In 
Niagara Falls Centre, at the head of Ferry road, upon digging 
sewer-trenches, drift twenty-four feet deep was found lying 
over the polished rock. Here it was a reddish sandy clay 
with very few pebbles and occasional angular stones of granite 
and other material. In the bluffs overlooking Victoria Park, 
rising to 100 feet or more in height, some of the layers are 
sand, but these occupy the buried valley. 

The ridge of Lundy Lane trends westward from Drum- 
mondyille (or Niagara Falls South), for a distance of some- 
what more than two miles. Near the monument to the battle 
of Lundy Lane the high drift ridge is composed of sand and 
gravel. In a well nearly a mile west, at a point where 
the surface has an altitude of 425 feet, the depth to rock is 
ninety feet, mostly through sands and gravel. At well No. 2, 
over the buried Whirlpool-St. David valley, the surface clay has 
a thickness of eight feet, quicksand fifteen feet, bluish clay 


PLATE XXX. 


Stratified sand-beds at Berryman’s farm. 
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fifteen feet, red clay fifteen feet, with sands or angular gravels 
below, as was described in the deep well No. 1 reaching 269 feet. 
These materials usually have some clay mixture. At well No. 4 
the bottom layer of drift resting upon rock consisted of a sort of 
quicksand of extremely fine texture and angular form, which, 
with water, easily flowed, but set so quickly that it was difficult 
to pump it out of the casing. At the Whirlpool the clays have 
a thickness of forty feet. 


CHARACTER OF THE SAND RIDGES. 


Speaking generally, the plateau of the Niagara district has 
a remarkably level or slightly undulating surface covered with 
red clay soil such as characterizes the drift at Niagara Falls 
Centre, shown in the sewer, or at Well No. 2. The ridge at 
Lundy Lane is an exceptional feature. A smaller hill of like 
character oceurs south of the post office of South End, but 
there is still another higher hill—the Berryman—trising high 
above the immediate brow of the escarpment just west of 
the outlet of the Whirlpool-St. David trench, where the face of 
the escarpment is covered by drift hills. 

From the summit of this hill a declining ridge extends in 
both directions; that covering the buried valley disappears 
within a half mile to the east, being indented with deep valleys. 
Extensive gravel pits here show the structure of the materials 
to a depth of fifty feet; also a well to 100 feet. They are com- 
posed of sand and gravel with well marked stratification, but in 
false bedding dipping in both directions :—that is, outward to- 
wards the low country of Lake Ontario, and inward towards the 
plateau. This structure is shown in Plate xxx. 

The pebbles are mostly from one to three inches long and 
form only a subordinate part of the whole. Many are com- 
posed of granite and quartzite, but the greater portion are lime- 
stone or reddish sandstone fragments which have been trans- 
ported from the Hudson river or the Trenton formations on 
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the northern side of Lake Ontario, with rarely a fragment of 
Niagara limestone. These deposits overlap the clays which 
cover the angular gravels of the buried channels. That these 
accumulations transported across the lake were deposited in 
water is unquestionable. They even occur to a height of 75 
to 100 feet above the summit of the escarpment, so that they 
could not have been redeposited from other drift hills in this 
region. 

The transporting ice which supplied the material seems to 
have been attracted by the pre-glacial valley here, and to have 


deposited its load in melting, where the currents could stratify 


? 
it. <A repetition of this phenomenon is seen at Font hill, where 
similar deposits occur building up a higher mound which blocks 
the head of the ‘ Short Hills’ valley. (The buried Erigan chan- 
nel.) The Lundy ridge also is adjacent to the buried Falls- 


Chippawa valley, and the sands have considerable depth. 


RIVER DEPOSITS WITH SHELLS. 


As pointed out long ago by Lyell and Hall, there are river 
deposits containing fresh water shells. Hall describes these on 
Goat island, and Lyell those which occurred in Victoria Park 
back of the late Cedar island, before the gravel pit was recently 
obliterated. The same shell deposits occur on the high point 
just at the outlet of the Whirlpool and elsewhere. They were 
accumulated in the quieter waters when the river covered these 
now drained terraces. 


CHAPTER XVII. 


LAKE BASINS AND METEOROLOGICAL CONDITIONS 
AFFECTING THE FALLS. 


Drainage area. The Erie ratio. Humidity. 

Mean rainfall and evaporation from Temperature. 
Lake basins. Velocity of the wind. 

Modified conditions in the Hrie Relationship of evaporation to 
basin. rainfall. 


DRAINAGE AREA—_THE ERIE RATIO. 


In the investigation of the physics of Niagara falls the 
problems of the fluctuations of the lakes, of the discharge, and 
of the changing areas of the lake basins supplying the waters 
of the Niagara are fundamental questions and require presenta- 
tion here, although the data have been derived from the already 
collected meteorological notes, some of which consist of tables 
that will be presented in Appendix tv. 


Drainage Areas.* 


Area of watershed or drainage basin of Lake Superior: 


Sq. Miles. 
HO arto, Saree ees ee ee Ne OU SO) 
Taner TNeS Oa Rees ote ort ove Ores ems 6,800 
Dama WGC On SUI taro N i Deak as rie, 3,160 
oem Un Cliairari gem agen eh hee eas sul 7,860 
Wider SUTTaCem pire Mee” aes wey BOneOUU 

80,400 


The U. S. Lake Survey gives the total area as 76,100 in- 
cluding a water surface of 32,100 square miles. 


* Altitudes in Canada, James White, pp. 182-186, 1901. Also Rept. Engi- 
neers, U.S.A., Appendix FFF., pp. 2861-2, 1903. 
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Area of watershed or drainage basin 


Dhara Ohana oo cmc Qa ha OS. ez 
Im Michi vans 
Water surface... .. 


This area includes, 


Georgian bay..:.. raeate 
iN Orth clrannie leeme cn, (awe ue een 
SE aurvact tye are pee wren ois 
Sacinaweay oom cere 


Area of islands. . 


Area of watershed or drainage basin of Lake Michigan: 


On adjacent land. 
Water surface... .. . 


Area of watershed or 
river: 


Th Ontarios en ete ne 
Tae Michioan i aie wae ete 
Water surtace: = .veee 6. 
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Sq. Miles. 
35,400 
16,700 
23,200 


75,300 


5,600 
1,600 

150 
1,050 
1,700 


10,100 


rn gteuce e selve. 


40,200 
22,300 


62,500 


drainage basin of Lake St, Clair and 


4,160 
2,160 
445 


6,765 


Area of watershed or drainage basin of Lake Erie: 


IntOutario* caus eae 
Tn Ohio eccns cohen | eee 
Ingiiteht canes patene 
Fave Niewwen Voce: keene ee 


In Indiana. 
In Pennsylvania. 


Water surface... .. . 


5,480 
11,950 
2.990 
2,210 
1,270 
580 
10,000 


84,480 
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of Lake Huron: 
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om AREA OF LAKE BASINS 919 


The U. S. Engineers give the total area of the Erie and St. 
Clair drainage basin at 40,800 square miles, including 10,600 
square miles of water surface. 


Area of watershed or drainage basin of Lake Ontario: 


aie INGA TL Onn weer yoseerce tees Merenin. trom 1 1.5) 
UN erg Vote sonar he aah eect y cae. S405 
VW etemeuriaces a neamuee. weet tala: 7,450 

32,980 


From the foregoing tables it will be seen that the total area 
of the Niagara drainage basin is 259,445 square miles (White’s 
tables) or 254,700 square miles (U.S. Lake Survey). The area 
of the Erie-St. Clair basin is 41,245 square miles (White), 
or 40,800 square miles (U.S. Lake Survey). 


In studying the physics of the falls it will be seen that 
this separation of the Erie drainage from that of the total 
amount of the Upper lakes is necessary, for at one time the 
Niagara river received only the water from the Erie basin, and 
part of that from the St. Clair. Thus the drainage area of 
Erie compared with the entire area drained by Niagara is 
sixteen per cent, or about one-sixth of the whole region. 


MEAN ANNUAL RAINFALL AND EVAPORATION IN THE LAKE 
BASINS. 


The mean annual rainfall of the different lakes has been 
computed for the period between the years. 1882-1905; and 
both the mean annual and mean monthly rainfall will be found 
in Appendix 1v.* The average raintall has been found to be 
in the basin of :— 


* Rept. Lake Survey, 1903, pp. 2878-9; for data since 1898 Annual Rept. 
of Weather Bureau. 
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— | 1882-98. 1882-05. 1882-90. 1891-00. 1901-05. 


Lake Superior. ... |26.27 inches. |27 .26 inches. |26.17 inches. |27 .06 inches. 29.64 inches. 
Huron & iichigen $2.12 1 (32.00 1 (83.06  ajdl.04 6132.40 ww ¢ 
St. Clair-Erie oRED 34.08 " 34.46 " 34.12 " 33.75 ! 36.23 in 
Ontario a; sua Mraetoksrone 36.87 " 36.87 " of .ol " 36.00 "t 38.20 " 


Rainfall and the evaporation based on the discharge (1882- 
1898) in terms of cubic feet of discharge per second :— 


— Rainfall.t | Evaporation. | Evaporation. 


For Superior basin...... wees... «147,164 (s-f)..| 69,954 (s-f)..|13.75 (inches. ) 
WG mer HAlEhithe GY Gace car oo ane B2D,85 7 ip) 222085800 i eae 20.29 " 
ite Clair-Erie = Gao Oy ee acer anys 102,308 (hie © aia 77,820 n «120.10 " 
Ontario Ne ce atGtn “eee oe S95O7 in Se OT DOT Sine wean On " 


(s-f means cubic feet per second. ) 


The evaporation in inches is corrected for the fall of lake 
level at the close of the period of observation. 

The first period of rainfall given above is adopted from the 
Lake Survey. The other groups of years are selected on account 
of surveys of the recession of the falls having been made in 1890 
and 1905, and the renewed rainfall since 1900. The earlier re- 
cords are too incomplete at certain points to satisfactorily extend 
the table. In fact, one should expect that the average rainfall in 
the Superior basin errs on the side of being too high, on account 
of the diminished precipitation north of Lake Superior, where 
there are only a few stations, some of which have not been 
organized many years. or instance, at Nipigon, a large river 
discharges into Lake Superior, here it is 20:24 inches, 
while to the northeast, at Martin falls, it is reduced to 14:16 


inches. The same feature occurs north of Lake Huron. 


t Engineers’ Rept., 1903, p. 2860. 


a, b, c. Corrected by adding Huron rainfall in the means of the two Lakes. 
{ Engineers’ Rept., 1908, pp. 2860-1. 
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Accordingly, the future revision of the rainfall may somewhat 
reduce the average discharges of the basins of Superior and 
Huron as compared with those of Michigan and Erie. This 
question also has a bearing upon the recession of Niagara 
falls. From the above table it will be seen that the average 
rainfall in the different basins varies, but this alone does not 
account for the reduced height of the lakes since 1900. 


MODIFIED CONDITIONS IN ERIE BASIN. 


Although the drainage area of the higher lakes is larger 
than that of Erie, the proportional rainfall is less. The pro- 
portion of the Erie precipitation to the whole amount in the 
Lake region, exclusive of Lake Ontario, is 17-7 per cent, or 
slightly greater than that of the Erie area compared with the 
whole, which is 16 per cent. The determination of these pro- 
portions will be found to have a direct bearing on the physical 
changes of Niagara falls. 


The evaporation depends upon the humidity, temperature, 
wind, the proportion of lake surface compared with the whole 
drainage basin, and whether the lakes themselves have varied 
in size. It has been found that Lake Erie at its birth was of 
very small size. It had an area of 1,000 to 1,500 square miles 
compared with 10,000 square miles at the present day. Conse- 
quently the difference would have to be treated as a land area 


suffering less evaporation in former times. 


Humidity. 
Upon investigating the question of humidity the average 
amount from 1882 to 1898 was found to be, for— 


Waker Mriewea nein som eucest co. o> Osperecents 
Huron aude Michigan... w-n) 2 ( 0°20 0) 
Siparior amt See Ve ee cor OTe 
Onan aeeastee cae Cetera een (20 weet 


In Appendix 1v., the monthly humidities are also given 


for Lake Erie. 
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Temperature. 


Evaporation depends upon the temperature, so it is given, 
for— 


lake. Brie. 1852-08). wase ses nn Oey 
Siperior (188208) 7... 1. SO Ona 
Huron and Michigan: 3.0% ~ 2. ees 0oee 
Onitamios, sy aga x05 aed nee eee 


See Appendix tv. 


Velocity of Wind. 


For the same period the average velocity of the wind, for— 


Tale: iriGs. tacos oh cee Habre rare eeenad Aen ed ee 
SIG DOTiOR ops pails faye eee en eee 9-05 
Eouren: Michioan:e aes en are enn cet 
Ontarrowee eos © te. tea ee ce See eg 


See Appendix tv. 


Relationship of Evaporation to Rainfall. 


The question arises:—Can the amount of evaporation be 
determined from meteorological conditions alone? On this 
subject, Prof. Alfred J. Henry and Prof. Norman B. Conger 
have made some calculations for various points on all lakes. 
But different stations vary greatly, with the evaporation on the 
southwestern side of the lakes being much greater than on the 
northern or eastern sides. The results of these calculations 
based upon the shore stations are too high for mid lake, because 
the determining temperature of evaporation (temperature of 
the surface waters) is, at some seasons of the year, from 10° to 
20° higher than obtains in mid lake.* 

Thus no valuable information throwing light upon this 
problem from the calculations of the shore stations is obtain- 
able. The differential character of the meteorological pheno- 
mena is of value in forming impressions of changing conditions 
at the same stations in different localities. 


* Weather Bureau Bulletin No. 2138, p. 22, 1899. 


CHAPTER XVIII. 


FLUCTUATIONS OF THE LAKES. 


Lake Erie. Note on positions of Changes of level of Huron affect- 
observation. ing that of Hrie. 

Mean quinquennial fluctuations of Fluctuations of Hrie and Ontario 
Erie, 1850-1905. compared. 

Fluctuations of Erie and Huron Mean quinquennial fluctuation of 
compared. Ontario, 1854-1905. 

Lowering of Lake Huron. Fluctuations of Lake Ontario and 

Drainage by Chicago canal. Saint Lawrence river compared. 


LAKH ERIE—NOTE ON POSITIONS OF OBSERVATION. 


The fluctuations of the lakes are primarily dependent upon 
the meteorological conditions such as those already mentioned. 
3ut in times past the more wooded portions of the country of 
the lake region must have modified the fluctuations, with 
possibly other causes not considered. The data covers fifty 
years or more of continuous observations, with fragmentary in- 
formation recorded many years still farther back. Jirst, they 
throw light upon the variable discharge; secondly, upon the 
present stability of the Niagara region, so far as differential 
movements of the earth’s crust are concerned; and thirdly, the 
deepening of the outlets of the lakes, Xe. 

The two most important points about Lake Erie for observ- 
ing the fluctuations are at the intake of the Welland canal, 
Port Colborne,* and at Cleveland.+ Observations at Buffalo 


*From the records obtained through the kindness of Mr. J. L. Weller, 
Resident Engineer, Welland canal, and of Mr. James White, Geographer, 
Interior Department, Ottawa, and Mr. Butler, Deputy Minister of Canals, 
Ottawa. 

+ The fluctuations at Cleveland are from Report of U.S. Engineers’ Lake 
Survey for 1908, 1904 and 1905. 
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and at the western end of the lake show greater variations than 
at Cleveland, where the waters are less likely to be piled up or 
lowered by the winds. Besides this, Cleveland and Port Col- 
borne are along the line showing the greatest amount of former 
differential change of level indicated by the raised beaches. 
Around the head of Lake Erie as far-as Cleveland there has been 
very little unequal elevation in the earth movements, while from 
Cleveland northeastward an unequal elevation of the deserted 
beaches is strongly marked by a rise of 120 feet in a distance 
of 164 miles to Fonthill, Ontario; or of 100 feet in a distance 
of 144 miles to Sheridan, N.Y. This last distance is in a more 
easterly direction. Indeed, nearly all of the rise occurs east- 
ward of Madison, Ohio, which is forty miles east of Cleveland. 

From the daily fluctuations at Port Colborne, in its relation 
to the sill of Lock No. 27 of the Welland canal, the monthly 
and annual averages of the lake have been calculated since 
1849. So, also, the same information has been obtained with 
regard to the fluctuations at Cleveland since 1854. Authentic 
continuous records at Buffalo date back to only 1887. From 
these tables the average daily fluctuations during periods of five 
years, fifteen years, and other groups of years have been com- 
piled in order to compare them with the surveys of the reces- 
sion of Niagara falls. 

For the mean height of Lake Erie at Buffalo, before con- 
tinuous observations were made, an approximate result can be 
obtained by adding 0°12 to the levels at Cleveland. These 
mean levels are compiled from U. S. Engineers’ tables without 
deduction of 0°33 of a foot required by the latest precise 
levelling to sea level datum. The necessary correction has been 
made for Port Colborne. 
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MEAN QUINQUENNIAL FLUCTUATIONS OF ERIE. 


= = cad —— ——— = > 


Fivcrarions or Lake Erie at 
Pt. Colborne 
Pt. Colborne. Cleveland. below 
| Cleveland. 
i | Saw | = 

SCE ee ee BOTS En Wee me he tat 
OS OMe e a van. eee no 573° 26 (Byfea" 1) — 29 
MSD GLO0 Meret amt cose iin eel Ra 573° 40 573° 63 — +23 
PESO Op remmeergy. (orotate aCe oe 573 25 lay(oyellee) + °07 
AAO LTT se er ce ee ne | 57260 | 57266 = 06 

| 
STS Oia pees a £2 MES Ml 572° 28 | 572 42 — ‘14 

| | 

| 
SOT OMAP asta Sater cee | BY PIO TAL | 572°75 — ‘04 
1860-75...... Oe Ot Se ee Ne OETA | 572° 80 | 572° 85 — ‘0d 

| 

| 
dV GDS Se lad Barts Sie ae hae Ole etree 572°75 573° 02 — ‘27 
TRCTSHUSSISNS ., on, aes) alltoee eeer Aeas Ame 57292 ! bfom8 — °26 
USEC 290 Meme we ee ea See ctr 572°80 572° 93 -— 18 
SOLO amen, eet ents is 572 82 573° 04 — ‘22 
1891-95...... Pee es Bh Aha Te ; 571°66 6711-92 — ‘26 
TS 9G=0 Om eerie ster uy Sie ee Sy Al alay/ 571°86 — '29 
LOOT eee a SAR cre rs as oe lei) 572°04 — ‘28 
TIC TAT AUS oe Berl ae Sia a See 572°20 572° 46 — ‘26 
ES OO HOD st ee tew a entree ee Someta! DV249 572° 67 —- 18 
TST ES Oa eae pater ces EP tabs, eae 571° 66 571°94 — .28 


The Buffalo record for the short period shows differential 
fluctuations similar to those at Port Colborne, when compared 
with Cleveland. As the monthly and annual fluctuations are 


* BWlevations refer to mean tide at New York. From the last determination of 
lake levels by precise levelling, a difference of 1°08 foot was found between Canadian 
altitudes and those of engineers of U.S.A. Of this amount, 0°75 of a foot were required 
to be added to Canadian tables, which has here been done; and 0°33 of a foot taken from 
U.S. levels of Lakes Erie and Ontario, but owing to the small amount this latter has 
not been deducted. If corrected, the differences between the levels, at the two 
points, would be very small, but would show a constant change from plus (+) to 
minus(—) signs. (See James White’s Dictionary of Altitudes, p. viii, 1903.) 
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given in Appendix v., the investigator will derive fuller in- 
formation by comparing special years, either for the discharge 
of Niagara river at any particular time, the lowering of the 
lakes, or the differential fluctuations in regard to their 
significance. 


FLUCTUATIONS OF ERIE AND HURON COMPARED, 

Upon the fluctuations of Lake Huron depend the discharge 
of St. Clair river or outlet of the lake. From the differential 
fluctuations of the two lakes the question of the lowering of the 
Huron outlet is partly determined; but the problem of the 
stability of the region is not assisted by a comparison of these 
lake levels, as any rise in the upper lake would be indetermin- 
able on account of the lowering of the outlet. In Appendix v., 
the mean monthly and annual fluctuations of Lake Huron are 
given. Only the annual fluctuations of Lake Superior are 
given in table in next chapter, but these are not directly 
connected with the recession of the falls. 

On account of the lowering of the lake outlets the mean 
level (1891-1905) should be adopted as the standard height, 
though the general average has been followed, where not other- 
wise expressed. The correction of — 0:33 has not been made 
in the following table as it oceurs in both columns. 

MEAN QUINQUENNIAL FLUCTUATIONS OF HURON AND ERIE. 


Bre Sand Beach. Cleveland. L. Erie below 

Fluctuations. (L. Huron). (L. Erie.) L. Huron. 
1S 55= 60a ean neater om rei tayees 582°58 573°54 —9°04 
UE oho coueaub nent ae 582° 25 573°18 = SPO 
USGGS (One eee ae eee ee : ® 581741 572°66 Sey flo 
LS TST Otters uespaeere mictermarc ee ner ar 581° 67 572° 41 —9°26 
Eloi ic Unee Rance ieoteny Woke cha ticiit oe 582° 04 573° 02 —9°02 
MMSE noose no. Aetactoritine crate 582° 42 573°18 —9°24 
TLS8629 05 tere cent ee her sie 581°93 572°93 —9°00 
Raid Remaachan Ores Loma ace Hosee 580° 43 571-92 Seal 
TS9G=00).. jeter cy ee hectare oe cae 580°17 571°86 —8°31 
LOOM Obie. sere: ce ee. ae oe tere eee 580°54 572° 04 —8°50 
1SHD= 1889 areas Secret 58208 573°00 —9°08 
TB90=1906 v.62 ecg ens eri 580° 42 572'00 ~8°42 
Tees st SUS oueha tun thetic eae alee te : 581°55 572° 67 —8°88 
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In connexion with this temporary fall of Lake Huron it 
should be stated that the canal across St. Clair flats was com- 
menced in 1866 and opened for navigation in 1871.* During 
these operations a thirteen foot straight canal was excavated 
across shallows of six feet (see figure 26, Chapter xxvr.). This 
may have occasioned the temporary fall of Lake Huron, which 
in years corresponded to those of the principal dredgings. After 
1886, and completed by 1902, the canal was further deepened 
to eighteen feet, and since then to twenty or twenty-one feet. 
But on turning to the tables, we find the most remarkable lower- 
ing of the other lakes as having occurred just after 1889 and 
continuing to the present time. 


LOWERING OF LAKE HURON. 


If the mean annual differences be taken in place of the 
quinquennial, as in this chapter (see Appendix v.), the re- 
markable lowering of Lake Huron is seen to have commenced 
in 1889, reaching almost its maximum in 1890; in 1891 the 
lake rose somewhat with subsequent minor fluctuations, but 
the general effect has been to lower it 0°66 of a foot more than 
Lake Erie. On the other hand, from 1894 to 1905 inclusive, 
Lake Superior had risen over 0°41 of a foot when compared 
with the previous elevations between 1860 and 1893. 

This lowering of Huron was shown by Mr. Russell, to whose 
writings I am indebted. He says:—‘The mean of 1873- 
1892 indicates an increase of 11,355 cubic feet per second 
in the datum discharge of St. Clair river. The change in dis- 
charge in one foot of rise in the surface of the river is 14,217 
cubic feet per second. A lowering of the body of the river by 
almost 0°80 of a foot is therefore indicated since 1893 as com- 
pared with the twenty years preceding’ (page 4118, 1904). 
On turning to the rainfall tables in Appendix rv., it will be 


* Appendix OO., Rept. of Engineers, U.S.A., 1905, pp. 598. 


154 


228 FALLS OF NIAGARA Bae ste 
seen that the mean annual rainfall of Huron-Michigan basin 
has diminished by more than 1:5 inches during the years 1891- 
1905, when compared with the period from 1882-1890; while 
the rainfall of both Superior and Erie has increased. This 
will not account for the fall in the Huron basin, but as the 
period under consideration embraces a number of years its 
effect on Lake Erie would have produced proportional results 
during most of the time. Even considering the fluctuations it 
is impossible to account for the differential subsiding of Huron 
other than by a lowering of the outlet, probably somewhat 
affected by the excavation of St. Clair canal, and to some 
degree by the Chicago drainage canal, but mostly by scouring 
at the bottom of the channel. A closer analysis might show a 
further slight deepening of the St. Clair outlet. My calcula- 
tions amounting to 0°66 of a foot include the years 1904 and 
1905 of higher water, not entering into Mr. Russell’s caleula- 
tion (0°80 of a foot lowered). Doubtless this difference and 
even more occurs where the data do not permit of more precise 
calculations. This does not cover the full amount of lowering 
of the lake, but to this must be added that of Lake Erie. (See 
next chapter. ) 


DRAINAGE BY CHICAGO CANAL. 

In this connexion it should be stated that the full allowance 
of the canal (10,000 cubic feet per second) should theoretically 
lower Lake Huron 0°521 of a foot; Lake St. Clair 0-455 of 
a foot; and Lake Erie 0°379 of a foot, requiring 4°86 years 
to effect nine-tenths of this change. The canal was opened Janu- 
ary, 1900. During 1901 the average flow was 4,270 cubic feet. 
During 1905 the canal withdrew about 5,000 cubic feet per 
second. 


CHANGES IN THE HURON LEVEL AFFECTING THAT OF ERIE. 


The rise of the lakes is not simultaneous, and if this 
amounts to one foot in Lake Huron it would eventually raise 
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Lake Erie by 0-727 of a foot. It would require seventy-two 
days to accomplish five-tenths of this rise in Lake Erie, and for 
nine-tenths it would take 239 days.+ <A rise of one foot in 
Huron corresponds to 0-602 of a foot in St. Clair. A rise of 
one foot in Erie produces 0-346 of a foot of back water effects 
in Lake Huron. From these facts it will be seen that a com- 
parison of the lake levels for single years might produce large 
errors, and only observations extending over several years can 
be relied upon. 

In former times the enormous changes of level in the On- 
tario basin have played a fundamental part in the recession of 
Niagara falls. Some of the later changes occur from the cutting 
down or scouring of the outlets. These have a measurable 
amount. 


FLUCTUATIONS OF ERIE AND ONTARIO COMPARED. 

The changes of Niagara river closely correspond to those of 
the levels of Lake Erie. The surface of the river above the First 
cascade of the Upper rapids is about fourteen feet lower than 
the lake. The differential changes of level between Lake Erie 
and Lake Ontario are shown in the following table. 

MEAN QUINQUENNIAL FLUCTUATIONS OF ERIE AND ONTARIO. 


| Piha Lake Erie Lake Ontario | Ontario, below 
Fluctuations. | at Pt. Colborne. at Toronto. Krie. 

NS 54=60 ee ae sete een eathes te ers ore 573° 23 24678 — 326°45 
S61 —-CDee a ae Mineo hates OGon 25) | 246° 55 — 326°70 
1866-70). ....- BS Sr ee Sie 572° 60 246°10 — 326°50 
IAI RD crete enc Paired, mewie Mat | 572° 28 245° 40 — 326'88 
TABOR ecu ete 3 eine Eee | 72°75 245°93 — 326°82 
isto EAstay ay Mak Mer Gia ee wee ets Ball 572° 92 | 246° 22 — 326°70 
St =SIOE Gen cae nee ME ene il 57280 246° 41 — 326°39 
Noy et oye ees Gees Mecano: om onee | 571°66 245° 06 — 326°60 
1896-00 ... Bet hore rege Daou | ay @unrsy/ 244°68 — 326°89 
1900-05..... Nee. Nera fe 571°76 245° 49 — 326°27 
etsy BS ark va loka aorectaae Lae 572°83 246° 24 — 326°59 
SON OD ce ates tenets mete rare hits 571°66 245° 07 — 326°59 
ISH DSOD See ei gake Leaps ecen eis ees 572°48 245° 86 — 326°62 


+ Thomas Russell, in Appendix EEE., Rept. Lake Survey, U.S. Engineers, 
1904, p. 4131. 
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While the mean elevation of Lake Ontario during fifty years 
is given, that of 1891 to 1905 is now the more accurate, as it 
allows for the lowering of the outlet after 1890. 


MEAN QUINQUENNIAL FLUCTUATIONS OF ONTARIO: 


Daily records of lake level have been kept at Toronto, Os- 
At other 
points the information is more fragmentary, and it is to be 


wego, and Charlotte for periods of over fifty years. 


regretted that the data over a long period cannot be obtained 
at the outlet of the lake itself. Important conclusions as to fluc- 
tuations can be arrived at by an analysis of the records of the 
three points named, and at the head of the first of the Saint 
Lawrence canals, sixty-six miles below the outlet of the lake, 
where the river surface is lowered a little more than one foot 
only. This last point will be discussed in a _ succeeding 
paragraph. 


- 


QUINQUENNIAL} FLUCTUATIONS AT TORONTO, OSWEGO 
AND CHARLOTTE*. 


| Oswego Charlotte 
Years. | Toronto. above Oswego.* | Charlotte.* above 
Toronto. Toronto. 
1. 856=00 -aeee cere 246°89 + °28 247-17 247 23 + °34 
USGI=COR erect 246°55 + °75 247 30 247 24 + 69 
TSOG= (Ointment 246° 10 +) oll 246°61 246°88 + °78 
UY Alfie saa. re 245° 40 + °43 245°83 245°91 + “OT 
870-80 eee 245-93 + ‘46 246° 38 246°56 + 63 
Tete 619) ets oe anc | 246-22 | + “44 246°66 . 246° 69 te 
LSSO—O0 seer 246° 41 + *42 246° 83 246°74 + °33 
SOLE Ob ee eeee ee 245° 06 + °53 245°59 245°61 + °65 
1896-000 eee 244°68 + °45 245°13 245°14 + °46 
1901-05522. -- Pa aE Bh ia ea Delete, GER an otk 245°80 + °39 
NSO), cocancosce 245580) |e ernment eas teenie 246°38 + °52 
1854-90. .... Pee DAG D4 Sl err tree ce ae Ne fave eustiscsetnnnegcts ast. || Reeds ee toes oat 
186620046 ey isus hee een See hes AOA a5 eee eee Bigot, aes 
ESOL=0D teers crete DADS OF WScen uence y usest sist svaxehe apes 245 °52 + °45 


+ Mean annual fluctuations will appear in Appendix V. ‘Table 5. 


* The correction by precise levelling to Greenbush, N.Y., has been applied to 
Toronto levels, but not to those of Oswego and Charlotte, which would reduce them 
by 0°33 of a foot, thus diminishing the unavoidable difference in determining the 
heights at different stations. 
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The variability of levels between Toronto and Oswego is 
remarkably small. Since 1866 the maximum quinquennial 
amount has been only 0-11 of a foot, though some mean annual 
fluctuations are greater. The mean difference of the reading 
in these years is 0°47. 

With the difference for the quinquennial period ending in 
1870 at +51, and that of 1900 at +45, if there be any 
change at all it would suggest that Oswego had moved very. 
slightly in one direction; while on the other hand if the former 
period be compared with that ending in 1895 (+53), the 
opposite movement might be inferred. Thus only one conclu- 
sion can be arrived at, namely: that the small variation found 
in the levels at the two points is within the range of mean 
arithmetical error and is of no value. It is remarkable how 
small the variations are found to be when spread over any con- 
siderable period. Comparing the levels at Charlotte with the 
other two points the fluctuations are found to be slightly 
greater; but this station is situated at the mouth of the Genesee 
river, which might give rise to temporary higher water. 

On observing the fluctuations of the periods ending in 1860 
and in 1865, the variations from the average (+-47) are found 
to be exaggerated on both sides. Whether this arises from wind, 
less perfect observations, or other conditions, has not been 
determined. Finally, the mean fluctuation of Lake Ontario 
at the different points mentioned may be taken as a remarkably 


constant figure. 


FLUCTUATIONS OF LAKE ONTARIO AND SAINT LAWRENCE RIVER 
COMPARED. 


Having found the constancy in the fluctuation at points on 
Lake Ontario, the question arises, first, what is the ratio in 
the fluctuation between Lake Ontario and Galops rapids, sixty- 
six miles beyond the outlet of the lake, at a point above that 
where the river begins to descend. Records of the fluctuations 
have here been kept at old Lock No. 27 of St. Lawrence canals. 
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A comparison of these points should throw light on the question 
of changes of level of land. 

Application of these data will be found in Chapters xrx., 
OG 0G MeL OBE 

From this table it may be seen that the Galops rapids can 
be taken as another point for comparing the fluctuations of 
Lake Ontario. The period of observation is here shorter, cover- 
ing only thirty years, and the mean fall is 1-10 feet. 


MEAN QUINQUENNIAL FLUCTUATIONS AT TORONTO, LOCK 27 
GALOPS RAPIDS, LOCK 15 CORNWALL, AND LOCK 14 


VALLEYFIELD. 
— = — re ; = ——SSS 
Lake Lock 27 | Lock 15 Lock 14 
Years. at Tock 27.| below {Lock 15.| below |Lock14.| below 
Toronto Ontario. Ontario. Ontario. 
_ | £ : a 
| | 
ANCHE De ne blcio cn Sree Roe DAG DD ise ceaeeoa hone alin eras al [ta thers ..| 155°08 | -91°47 
LSCO= 7.0 tere eee eke BARS AMOGH uaa ccc Doe, CURE eaten mans Sees 154°44 |—91°66 
SYA an ae eT Pa PDA AOW Erneta ears ee | 157°58 |—87°82 | 153°97 | —91°23 
137680 Rapes see ee 245°93 ; 244°35 | —1°58 | 157-06 |—88°87 | 154°26 | —91°67 
TSSI= 8b Meera serene s 246°22 | 244°86 | —1°36 | 157°25 |—88°97 | 154:27 |—91-95 
1886—90..... Ala eyteoneta 246°41 | 245-10 | —1°31 | 157-69 ;—88-72 | 164°48 | 91-98 
1891-"95........, .. | 245°06 | 243:°89 | —1°17 | 156°61 |—88°45 | 153-91 |—91-15 
189C [00 ener | 244°68 | 243°53 | —1°15 | 155°92 |-—88°76 | 153°38 | —91-30 
TOOI=0S eee arose 24649 2a as Das OB nine eee cama aan 153°56 | —91°93 
ASIA G0 ene Le 846-09 |... ..0- Ree eke et [Retin 164360 lees 
LSTOR9O aan es 246'18 | 244°77 | —1°41 | 157°33 |—88-°85 | 154°33 |—91°85 
PSOL=ODS pace eae OFAN SH MOL Starctote inven Ajeet tee a le A 153°62 | —91°46 
1891—’00..... Bn ec 244°87 | 243°88 | —1°16 | 156°26 | —88°6 153°47 |—91°40 
1861-’90...... PEL OAG 10 Noein en Bea ene cesta 154°42 |—91-68 
| 


CHAPTER XIX. 


LOWERING OF THE 


Stability of the outlet of Lake 
Superior. 

Table of mean annual fluctuations 
of Hrie, Huron and Superior. 

Lowering of the Huron outlet. 

Table of mean annual fluctuations 
of Erie and Ontario. 


LAKE OUTLETS. 


Lowering of the outlet of Ontario. 

Effects of lowering of Ontario on 
higher lakes. 

Bffects of the lowering of the lakes 
om the canals and harbours. 

Corrected elevations of the Great 
lakes. 


Lowering of the Erie outlet at the 
same rate as that of Ontario. 


STABILITY OF THE OUTLET OF LAKE SUPERIOR. 


Tables of the quinquennial fluctuations of the lakes have 
been given, but in order to further investigate the question of 
the lowering of the outlets the mean annual fluctuations of the 
lakes are found in the following table,—for Superior at Sault 
Ste. Marie, for Lake Huron at Sand Beach near the outlet of 


the lake, and for Lake Erie at Cleveland. 


The fluctuations of Lake Superior since 1893 show an 
average increased height amounting to 0-41 of a foot as com- 
pared with the years 1860-93. This is an absolute rise of the 
water surface, in excess of any lowering of the outlet over the 
erystalline rocks, the data for determining which are not at 
hand, if indeed it be measurable. The rise is in conformity with 
the mean rainfall, which increased by 1-7 inches, between 1891- 
1905, compared with the mean of the period of 1882-90. 


Of itself this evidence is not conclusive as to the present 
constancy of the outlet of Lake Superior, but it sufficiently 
separates the question from that concerning the lowering of the 
Huron outlet, so that the scouring of the outlet of Lake Superior 


may be considered so slow as to be immeasurable. 
933 
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TABLE OF MEAN ANNUAL FLUCTUATIONS OF ERIE, HURON AND 
SUPERIOR. 
——- 7 : 
Wes ake 
Vou Lake Hrie. Cp tea |Lake Huron. cena 
2 Cleveland. ‘Sand Beach.| Sault Ste. 
Cleveland. MAPICS 
LSBB tata eee ee a 573°10 8°68 581°78 
1E5Gh. ok eee ee 57288 9°07 581°95 
{SS Tie tees es eae Me ee 573° 32 9-23 582°55 
PSH Tie a erste eter aes 574° 22 8°87 58309 
ABRGN. Sore nonecchaaele aces 74°26 9°02 58328 
[SGU eects ie ee ee eee 573°49 9°37 58286 602°53 
TSEELEO SA eh aed cae ame eat 73°54 9°04 | 582-58 
TSGiln eet Oe hei. oe 73°58 9°28 582° 86 602°58 
TSGDp tech ea hina Geet oe eee 57369 9°07 582°76 602°30 
TSG Nema Co re enter elt 573° 40 8°94 582°34 601°94 
1SC4 Drees a oe ae 572 79 9°05 | 581°84 601°62 
SGD ected os coe eee ae 572° 44 9°00 | — 581°44 602°03 
LSGIEGD Seen ee 573°18 9°07 582-25 602-09 
1866 72°58 8°54 581-12 602° 02 
HSB 7 te ce Ot AW Pe eel ee 572° 60 8°96 5SL°56 602° 24 
1868 . 572° 23 8°84 581-07 602°05 
1869 CARON Shee 572-65 8°54 581°19 602°38 
STORRS IOR cre ee ee 573°28 8782." bs wheo10 602° 07 
LSCCLTO reget te eh ee a eee 57266 |. 8°75 581° 41 602°15 
187 ee eo, Peel titi eee 57269 9°46 582°15 601°67 
L972 tea eat nee aco: B71°73 9°37 581:10 601°78 
1873 72°43 9°08 581°51 602° 06 
LOVER td eee hae weet inthe at 57294 8°97 581°91 602°07 
1975, Sewage ee eee 572° 28 9°42 | 581-70 602°21 
STEM eee es eee B72°41 9°26 |  581°67 601°96 | 
— | ——— 
} 

1S 7 Guero ee 573° 69 9°05 | 582-74 602°52 
Vie aah heared Atha, bio, ae 572° 87 9°58 582° 45 602°09 
LOTS Rte an tee ene cork ete 573° 28 8°92 582° 20 601°61 
1S 7 On RN ioe etm ate ee ee 72°52 8°80 81°32 600 96 
SRO anaes 572-77 8°72 81°49 601° 41 
1876-80.... 57302 9°02 582-04 601°72 
USSiiperee ane ee cen eee BT2°61 9°26 581°87 601°86 
Tcl Wa oe ee ly OS 573°48 8°73 582-21 601° 82 
TSSS CM pecrat jc ek Gay eee 57326 9°23 582°49 601-60 
Bey Oe rs. SNe BAM Von 57333 9°37 882°70 601° 42 
TSSH Ree me oi teen toe 73°24 9°62 582° 86 601°70 
LORIeb: decree eee Me Sek 573-18 9°24 582° 42 601° 68 
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TABLE OF MEAN ANNUAL FLUCTUATIONS OF ERIE, HURON AND 
SUPERIOR— Concluded. 


ij 
Lake 
Vnare | Lake Hrie. peed eh Lake Huron.) Superior. 
Cleveland. : Sand Beach.| Sault Ste. 
Cleveland. , 
Marie. 
! 
ARB (2D, 90: Saat ....{ BTBRB 9°73 583'08 |  GO1°B1 
1ST ee ae eo as 573° 29 9°13 58242 «G01 44 
TERaie scene Sachs Sy os: 572° 60 9°18 581°78 601°73 
SEES PRS a OES Cig _ 572-37 8°91 58128 601°77 
SOU EPR TAG sear tee he tale 573° 05 8°06 581°11 601-62 
GRE ty a See 57293 9°00 58193 | 601-61 
" 
ESO Were eer eG eek co pt 22 ae 572°15 8°39 580°54 | 601° 24 
1690 GEU. gece nyt abe 572-13 8-24 580°37 | 601719 
iegs eat ae nC ne B72 08 8°52 580°60 | GOL°51 
vis a! faa Ah Ok gee ea 57209 8°67 580°76 |  602°14 
TE aiea te aeat Rae Ren a nS B71°17 8°73 579°90 «60229 
Bisbee Nia ACen a 571-92 8°51 580°43 | 60167 
TESTE RD See ee 571-39 8-20 B79°59 602°15 
SOR eee eh oe: 571-96 8°24 580° 20 60220 
icOR apie aah ih oo es, 572-18 8°22 580° 35 601°77 
TAO MA GPA Ora ona 571°90 8°46 580-36 602° 26 
Gn ent mnie Lah sch Uk bet B71°94 8°43 580°37 | G02"34 
1896-1900... 571°86 8°31 580°17 | 60214 
ES PAS oe aad 571°38 9°25 580° 63 602°37 
“DY ay Uae i ene ee _ 71°84 8°37 580°21 | G02 31 
TOUS od Oo 572° 37 7°99 580°36 | 602° 49+ 
PAW Ss itd aie ee nee, 572° 45 8°39 580°84 | 602-714 
LOOK M Pen eae Sree es 57216 8°60 580°95 |  602°34+ 
TEC On Res eae wtih! 572° 04 8°50 580° 59 | 602° 44 


+ Marquette. 


LOWERING OF THE OUTLET OF LAKE HURON. 


The Huron outlet has been partly considered (page 227), 
with the apparent sudden fall of the lake surface, commencing 
in 1889, which has remained lower since that time. The 
average lower water of Huron subsequent to that date com- 
pared with the mean level before amounts to 1:66 feet. If, 
however, the subsidence of Huron waters be compared with the 
fluctuations at Cleveland it is found that the lake there has also 
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fallen one foot. As this has been continuous over a period of 
fifteen years the mean difference, which amounts to 0°66 of a 
foot, is not a temporary oscillation of level such as may be 
observed when even individual years are compared. 

From the evidence at hand, I, therefore, agree with Mr. 
Russell that this must be a permanent lowering of the Huron 
outlet. The records of fluctuations before 1855 are too 
incomplete to be able to form definite conclusions from them. 
Between January, 1846, and August, 1854, only a few scattered 
monthly records of the levels of Lake Erie are obtainable. 
Between January, 1846, and August, 1849, there is a full 
monthly record for Huron—the mean height during this time 
was 580-44 feet. 

The Erie record for the first eight months of 1846 gives a 
mean elevation of 571°49 feet, while that of Lake Huron is 
581:00 feet. Accordingly the difference of level between Erie 
and Huron was 9°51 feet, which is greater than the average of 
any quinquennial period since 1854. This fragmental record 
goes to show that, as far back as 1846, the level of Lake Huron 
had not fallen as compared with Lake Erie. Again, there is a 
record from May to October (inclusive) for the year 1840, but 
this shows a relatively lower level for Lake Huron, while dur- 
ing the high water of June and July, 1838, there was an in- 
creased differential height for the lake. So also a still further 
increased height for Huron is found in June, 1819, when the 
difference was 10-40 feet. Individual months or even seasons 
taken separately are of little value, for, as has already been 
shown, any considerable sudden rise in Lake Huron will re- 
quire from months to even years to be equalized in Lake Erie. 

From the incomplete records now obtainable back to 1819*, 
there is nothing to show that for any considerable period the 
low differential elevation of Huron had occurred prior to the 
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Although the greater rise of Superior began in 1894, yet 
on account of the general subsidence of the other lakes oceur- 
ring just after 1890, this latter date may be taken as the break 
in the records without involving any considerable error. Be- 
tween 1861 and 1890 the mean height of Lake Superior was 
601-67 feet above tide, while since that time its height has 
risen to 602-08 feet. At the same time Lake Huron fell from 
581-95 feet to 580°38 feet (above sea level), or an absolute 
fall of 1°57 feet; and Lake Erie subsided from 572‘90 to 
571-94 feet, or 0-96 of a foot. During 1891-1905 the mean 
annual rainfall of Superior basin increased 1-75 inches, and 
that of the Erie basin rose 0:46 of an inch. On the other hand 
the rainfall of the Huron-Michigan basin diminished by 
1-57 inches. 

So far as the discharges of the rivers are concerned the 
recorded diminution of the Michigan-Huron rainfall is more 
than half compensated for by the greater outflow from Lake 
Superior and the slight rise in the Erie basin. Consequently 
the reduced overflow of Lake Huron, due to the change of 
rainfall, should come within the limits of 1,400 to 1,800 cubic 
feet per second; which would also affect the discharge of Lake 
Erie. 

Evidences of the differential lowering of Lake Huron have 
been given (page 227). This is now further confirmed by 
showing the small effects produced by the changes of rainfall, 
as also by comparison of the outlet of Lake Superior. Changes 
due to evaporation are not determinable from the data, in which 
no important modifications are recognizable. The fluctuations 
show that the principal lowering of the outlet of Lake Huron 
oecurred between 1889 and 1902,—measurable to the extent of 
0:6 to 0:66, or even 0°80 of a foot according to the years used 
in the calculations. But further slight changes might also be 
found in more detailed studies of other years. In addition to 
the differential lowering of Lake Huron whatever subsidence 
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has occurred in Lake Erie must be added to that of Lake Huron. 
About one foot is found to have obtained there in the same 
years. A small portion of this lowering only is attributable to 
meteorological changes. (See lowering of the Ontario level. ) 

As the positions of the gauges for recording the lake levels 
are stationary, a fall in the gauge readings might indicate a 
rise of the land and not a lowering of the outlet. In the case 
of the Huron outlet the materials composed of silt or sand 
would be immediately scoured out by any increased height 
of the water, or the same materials would be deposited at 
the bottom of the channel by a slight lowering of the river level. 
On the other hand, the outlet of Lake Erie can be affected in 
a twofold manner. The great rim which determines its level 
is the limestone ledge at the First cataract of the Upper rapids. 
But at the outlet of Lake Erie there is a slightly higher 
barrier which has continued to exist, retarding the waters in 
the upper river. This feature is well shown between Fort Erie 
and Black Rock. While at the western end of the International 
bridge the barrier is composed of rock, yet in the centre and at 
the eastern end such is replaced by clay deposits. Accordingly 
a lowering of the lake could take place here in a similar manner 
to that due to a scouring of the outlet of Lake Huron. At a mile 
and a half southward, however, a rocky barrier seems to cross 
the river at a depth of seventeen to twenty-four feet, so that 
this is at the same plane as the rim above the Upper rapids. In 
chapter xxx., it will be shown that at the present time, compared 
with fifty years ago, there has been absolutely no change in the 
water level due to earth movements, so that the fall of Lake 
Erie is mainly due to a lowering of the outlet. 
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TABLE OF MEAN ANNUAL FLUCTUATIONS OF ERIE AND ONTARIO. 


Toronto 
Years. Toronto. Pt. Colborne. below 

Pt. Colborne. 

Rola Oescpis.cge &O, Eyhe OA aes Giei Sebe Ge 246°56 572" 57 326°01 
NRSISYT that dente one Oe kal ee Re aR ee ae 247° 07 573° 06 325°9Y 
URoLD eVect S Geeky MR eee coe eee 247° 40 573°91 Sobnol 
ROE O Reamer ara ote eats Sete einen ele RC 247°14 573° 95 326°81 
LGOOM Ge coe hice ccge ence war aka oka 246° 31 573° 52 $27 21 
246°89 57340 326°51 

LOO Mme Meee rere de ePh ooh dics eo ct cccveyenitay ce 247° 05 573° 56 32651 
Hehehe do iene Wire eegrt SUMP att nae OME Bs 246° 92 Syepral 326°79 
IS OSI earek estas cet ee erate Bre in ntee he 246° 50 573 °50 327 00 
Bolo et ale ete e Ade Soe. ge pn ere anes 246° 29 573° 07 326°78 
RGAE Oe cao Dey foceaad Mian eRe ACRAR etn agre eer 246°03 D72°4L 326°38 
246°55 67325 426°70 

FLO Ouest Sy ttre act ac UC aus 245° 62 572°72 327 °10 
1 oO / Di Clem ee etcetera ee 246° 44 572° 44 326° 00 
HL Oe AES AEE li Ah atari a 245'17 Di 220 327 06 
1869 246° 06 572°49 326° 43 
CSO areata tes miter akan: oe akira contact 247 20 573°13 320593 
246°10 572° 60 326°50 

US 7 Lees ee erence nals Bema Adee 245 84 572° 60 326°76 
Ss etme brs er oP Wine ohntee® Sig oh paronchone ats. 244°41 571° 64 327 23 
Stew See BAe OCR OLE tn ies 245°53 572° 25 326°72 
SUS TAR marek Set pe mca oe ke eta Ata Fo, 246° 28 S72e Tl 326° 43 
BSW ADI a ete vo es STN, Soe an A ee 244-96 o(2721 e204 2b 
245°40 572° 28 326°88 

UST GPa one Meee Coomera eats 246°76 573°59 326° 83 
NS fidptwr Brant es Mertera tense Sctea se 245 °58 572° 52 326° 94 
TS 7G cee ete, hema ces citer rere aietece 246°10 572°94 326°84 
1 AO epee cS eee nett aos Mena Braj rat Aero Sfevcaers ae 245°70 57225 320° 5D 
TUE ke eenoee RIP Metis a ane meen 245°51 572° 45 326° 94 
245°93 a iia) 326° 82 

UCT lts £ ae On Me eo.5 ate Bee ORCHID 245°14 722 32707 
IGS De cpecetesa meh ey ciee oe srorek seven ee eee ict rennet 246°13 573°10 326° 97 
MLSS Sete Ae Mar Ne Roce red inten: wtsarhiy ics 246°31 lay(ease AE 326° 80 
UBS Leer ee vopceek tare rae bie reste rans eeunave 246° 96 573°12 326°16 
LS OD ee reeweaie ee Soe et aes sas steel vie 246°59 573° 09 26°50 
246° 22 672° 92 326°70 

USSG Meee eee reese aes aoe ea 247° 31 573° 46 326°15 
USS eens trot isencne he 246°77 573°16 26°39 
US SBiev wees vec gatsiok sepa oseeconsragens oh seo 245°56 572° 38 326° 82 
SSO Aree nee 245° 67 572-16 326°49 
USO Rea rose orice teers 246°73 572°80 326° 07 
246° 41 572°79 326° 38 
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TABLE OF MEAN ANNUAL FLUCTUATIONS OF ERIE AND ONTARIO 
—Concluded. 
= —— —— — = —o —— <= = ad ——— 
aS Ags pee abe ge 
pe Toronto. | Pt. Colborne. Pie Colborne. 
Oi Ne bth Ae oe 245°77 | 571 88 326°11 
1 OC ok aN Ra eer 244°93 57188 326°85 
(SOS Hene kd emt ats 245° 49 | 571-85 326° 36 
1804 ete ok, ee eee 245°31 571°80 326°59 
1895 .... 243° 81 570°93 327-12 
245°06 | 571:66 326-60 
1806S Pe ee el eds 244°06 | 571°08 327°02 
L807 ReSy ie so liahs,. 2) cea arte 244°44 | 571°66 327-22 
LOGS id ahs 2 eae 245°03 571°88 326° 85 
TOSS Sy, CO eae Oe pete mere 44°97 | 71°63 326° 66 
1900: eis eres eee rls ee 244°91 571°63 326°72 
94468 | B71°57 326-89 
[SOT Se kt cet ee eee pees 244°73 | 71°05 32632 
1900 Tia oe, She eae 1 eek ie 245-01 | 71°70 326°69 
1903 Miser ee a Boe tl 245°54 57202 326-48 
190 ee 246°29 | 572°21 325-92 
ALSO yee eaea thus 9 ct, att Sea 245°91 | 571°84 325°93 
| 245-49 | 571°76 325°27 


LOWERING OF THE OUTLET OF ERIE AT THE SAME 
OF ONTARIO. 


RATE AS THAT 


To ascertain whether the deepening of Niagara channel is 
measurable or not it is necessary to compare the levels of Erie 
The records at Port Colborne on Lake Erie 
(datum of which is slightly different from that of Cleveland) 
are here compared with those of Lake Ontario at Toronto, as 


and Ontario. 


shown in the accompanying table and in the quinquennial table, 
Chapter xvi, page 229. The great drop of Erie occurred 
in 1891 and a sudden lowering of Lake Ontario took place at 
nearly the same time, 

The mean level of Erie at Port Colborne between 1854 and 
1890, see p. 229, was 572-83 feet above sea level, and between 
1891 and 1905 it was 571-66 feet; thus showing a sinking of 
Lake Erie amounting to 1-17 feet. The mean height of Lake 


Ontario between 1854 and 1890 was 246-24, and between 1891 
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and 1905 it was 245-07; also showing a difference of 1-17 feet. 
Thus it will be seen that there has been no change (in the mean 
of many years) of lake fluctuations. The conclusion is that the 
lowering of the Erie outlet is at the same rate as at the St. 
Lawrence outlet of Lake Ontario. At Niagara falls, and at 
Galops rapids of the St. Lawrence, the two rivers flow over lime- 
stone which mostly determined the rims of the lake basins above 
these points; although a limited amount of drift affects the St. 
Lawrence as well as the outlet of Erie as above mentioned. 
While silts have segeregated around the piers of the Interna- 
tional bridge, yet in channels between some of them, the 
river has deepened its bed. Thus in the channel of the fourth 
span, some thirty years ago, the depth was forty-two feet, while 
it has since scoured to a depth of fifty-three feet. 

At Galops rapids the depth to the rocky rim does not exceed 
thirteen feet, which in June, 1902, reached 2-09 feet or 1-25 
feet below Ogdensburg, a few miles above (page 2793, Rep. 
Eng., 1902). There the bed of the river is composed of clay. 
While the rocky rims are the principal barriers to the lakes, 
limiting the power of the rivers in the scouring of the clay beds, 
yet part of the lowering of the lakes appears to be due to 
changes in the clayey sections, and it is not surprising to find 
that the amount of lowering of the two lakes has been the 
same. 

The wear of the rocky floor of the river, adjacent to the 
head of Goat island seems at first insignificant; but after 
passing the First cascade between two and six feet of rock 
have been removed by the modern river, which has acted upon 
the rapids only since the falls receded from 1,000 feet south of 
Hubbard point, or 7,000 feet from the present crest of the falls ; 
that is after the falls*had begun to remove the drift from the 
buried Falls-Chippawa valley, with the appearance of the Upper 
rapids themselves. This occurred less than fifteen hundred 


years ago, and shows that the lowering of the river, through the 
16 
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rocky barrier, has been very slow, and accomplished at irregular 


intervals. 


LOWERING OF THE OUTLET OF LAKE ONTARIO. 


From the table of the quinquennial fluctuations of Lake On- 
tario and the St. Lawrence river already given (Chapter 
xvi.) and the annual fluctuations (Chapter xxxt.), the follow- 


ing table has been computed. 


; eae Bile} BS 
£ Se oe 2a 
z aa oe oa 
Years. Seq |Lock 27.) S28 |Lock15| SES |Lock14.| Hes 
% eS ea5 a26 
re SHE SHE 1 Oe 
4 =) 4 | = 
1876-1890.... .......| 246°18 | 944 77 | 1°41 | 157-33 | 88°85 | 154°33 | 91°85 
1891=1900\)) 06 | 244°87 | 244-71 | 116 | 156°26 | 88-61 | 158-47 | 91°40 
TOOIZTGO5 5, sive ein dh 240497) O44 DE | 0188 I ee aa eee 153°56 | 91°93 


Although this table is not complete for all the years of 
observation at the four stations, yet it is sufficient to show that 
it would be only slightly changed by the addition of the averages 
of fifteen years preceding that of 1876. From the quinquennial 
table (page 232), it is found that the level of Lake Ontario at 
Toronto between 1861 and 1890 is only 0-08 of a foot higher 
than the average of the later fifteen years, so also Lock 14 shows 
that the mean of thirty years from 1861 to 1890 exceeds that of 
fifteen years ending with 1890 by only 0-08. Consequently the 
earler records at other points are unnecessary. On analyzing 
the table here given it is found that the mean water surface fell 
between the periods ending 1891 and 1900: at Toronto, 1:31; 
at Lock 27, 1:00; at Lock 15, 1-07, and at Lock 14, 0-86 feet. 
After 1900 the water rose again at Toronto, 0°62; at Lock 27, 
0°50; and at Lock 14, 0°09 of a foot. With this rise of the broad 
surface of Lake Ontario, amounting to more than half a foot, 
the rise of the river level should have been commensurate in 


place of an insignificant quantity. The conclusion is that the 
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bed of the St. Lawrence rapids channel adjacent to Lock 14 
was reduced 0:62 less 0:09, or 0-53 of a foot at least. The level 
of the lake fell 0-45 of a foot during the decade 1891-1900 more 
than the river at Lock 14. These results added give the per- 
manent lowering of the lake outlet at and above Lock 14 at 0:98 
of a foot, although on account of the increased rainfall (1901- 
’05) the actual present subsidence in the lake surface has been 
reduced to only 0°69 of a foot (1°31—0-62) lower than between 
1876 and 1890. 

Turning now to the discharge of the St. Lawrence river 
(page 248 and Appendix vr, Table 3) the mean volume -be- 
tween 1876 and 1890 was 260,700 cubic feet per second, but 
from 1891 to 1905 it was reduced to 234,000 cubic feet—a dif- 
ference of 26,400 cubic feet per second. As a fall of one foot 
of the lake level corresponds to a diminution of discharge 
amounting to 25,761 cubic feet per second, the actual measure- 
ment shows an amount corresponding to the lowering of lake 
level by shghtly more than one foot. As this was not due to 
decreased rainfall, for in late years the precipitation has in- 
creased, it was evidently caused by a lowering of the channel, 
thereby permanently reducing the surface of the lake to a lower 
level. The lake level during 1891-1905 was 1:10 feet lower 
than in the years 187690, while the lowering determined by 
the discharge is shown to be approximately 1-05 feet, the mean 
of fifteen years. The increased rainfall during 1901-05 has 
apparently counteracted this lowering to 0:69 of a foot, thus 


a condition which eannot be 


reducing it from 0-98 of a foot 


expected to continue. 


EFFECT OF LOWERING OF ONTARIO ON HIGHER LAKES. 


The mean annual fluctuations given in table accompanying 
Chapter xxxr. show that this sudden subsidence of the water 
occurred between 1890 and 1902, with the subsequent Anetua- 


tions which are fairly expressed by taking the mean of several 
164 
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years. Changeable winds prevailing over several years may to 
some extent give rise to variations; so also groupings of differ- 
ent years, but the results are all in the same direction—show- 
ing a lowering of the lake outlets, though now partly counter- 
balanced by the present excessive rainfall. 

The mean height of the water during thirty years until 1890 
shows no extraordinary changes, while immediately following 
there was a sudden lowering at all the lakes except Superior. 
The slope between Toronto and Lock 27 being only slightly 
more than one foot, and most of this situated within twelve 
miles of the Lock, it may be considered that the whole dis- 
tance belongs to the lake level. Between Locks 27 and 15 
the rapids descend nearly eighty-nine feet to the expansion of 
Lake St. Francis. Between Locks 15 and 14, which last is 
beyond the lower end of this lake, there is only a slight fall. 
Beauharnois canal, with Lock 14 at its head, extends (alongside 
Coteau, Cedar, Split Rock and Cascade rapids) to Lake St. 
Louis, which is more than eighty feet below Lake St. Francis. 
Some streams from the northern side of the Adirondack moun- 
tains enter the St. Lawrence above Lock 15, yet in the mean 
averages here, no effects appear, as it is seen that the lowering 
of the water is the same as that at Lock 27. Lake St. Louis 
receives the large and variable Ottawa river, producing very 
great fluctuations of ten feet or more. Such changes increase 
or reduce the head of the waters on these rapids, which would 
theoretically retard the outflow above Lock 14 at times of ligh 
water in the Ottawa river, if the amount were not too small 
for consideration on account of the great descent of the rapids. 

Turning now to the other lakes as well, the cause of this gen- 
eral low stage of water, also prevailing in the Erie and Huron 
basins, cannot be attributable to any great extent to the inferior 
rainfall throughout the whole period; for after some years of 
reduced precipitation (1891-1900) the mean rainfall for the 


following five years increased in the whole lake region, so that 
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the precipitation was greater than that which prevailed not 
merely during the years of low water (1890-1900), but also 
during higher water preceding 1891. Yet it has not raised the 
lakes to their former stages; and with the next cycle of low 
rainfall the reduced levels will become more apparent. Accord- 
ingly with the evidence before me there seems no other suf- 
ficient explanation for this lowering of the lakes than that due 
to the scouring of the outlets, making itself manifest by the 
sudden sinking of the water, particularly within a period of 
two years (1890-92). In the meanwhile the oulet of Lake 
Superior has not been measurably reduced, and the increased 
rainfall has raised its level. 

The rise of about 0-62 of a foot in Lake Ontario during 
1901-05 does not appear in Lake Erie, where the change is only 
0-15 of a foot, while the height of Lake Huron is raised by 
0:24 of a foot, although the increase in rainfall should have 
affected the level of Lake Erie rather than that of Huron. 

This inferior rise of Lake Erie in contrast to that of all the 
other lakes is doubtless attributable to the artificial diversion 
of the waters of the river, already begun to a small extent. 
(See Chapter xx1., Part mu.) A uniform rate of lowering 
could not be expected. The impact occurring on the various 
strata would weaken their resistance and cause them to give 
way at irregular times. When the next lowering of the outlets 
will occur cannot be foreseen, but the forces are always at work 
wearing down the rocky barriers of the lake. 

As has been shown the amount of lowering in the lake is 
about one foot. On referring to the discharge tables it will be 
found that the mean Erie overflow, as given, between 1860 and 
1890, was 21,800 cubic feet per second more than during the 
period 1891-1905. This is equal to about 0:95 of a foot. This 
includes the slight rise caused by increased rainfall for the last 
five years. 

For the absolute sinking of Lake Huron one foot must be 
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added to 0-66, or 1:66 feet as the total amount of lowering of 
Lakes Huron-Michigan which has occurred. The shoaling is 


very noticeable in the shallow channels among the islands. 


EFFECTS OF THE LOWERING OF THE LAKES UPON CANALS AND 
HARBOURS. 

About 1893 much concern was occasioned by the shoaling 
of the harbours, the cause of which was not explained at that 
time. Low water was characteristic of the decade ending 1900. 
Since that time the water levels have been higher with the in- 
ereased rainfall which is partly counteracting the effects 
of the lowered outlets. With the return of normal dimin- 
ished rainfall the lowering of the lakes will be more apparent, 
in the relationship of their levels to the harbours and canals. 
The sudden shoaling of the canals by one foot, when they were 
made for even fourteen feet draught, is a serious problem which 
must enter into the engineering features of the future, and also 
the shoaling of the harbours, the effects of which are variable 
with the oscillations of rainfall. 

Added to this shoaling of the harbours and canals will 
be the future lowering of Lake Erie, due to the diversion of 
the waters for power purposes. (See Chapter xxr., Part 11.) 


CORRECTED ELEVATIONS OF THE GREAT LAKES. 


As the outlets of the lakes have been lowered since 1890, 
the mean elevations that should be adopted are those between 
1891 and 1905 inclusive, thus making :— 


Feet above mean 


sea level 
at New York. 
Lake-Omtario. «<2 «ie eek ets eo MeO cS 
Lake: Wried 230 ene eee Oa eine 
Lake-Fluron).:) sno oe ee ee COMO 
Lake -Superioneven.c.oo a eae remo: 


(This elevation of Superior is the mean during 1861-1905.) 


CHAPTER XxX. 


DISCHARGE OF NIAGARA AND OTHER RIVERS 
OF ST. LAWRENCE DRAINAGE. 


Notes on discharge. Variations in discharge of St. 
Mean quinquennial discharge of St. Lawrence river. 
Mary, St. Clair, Niagara and St. Variations in discharge of St 
Lawrence rivers. i Mary river. 
Variations in discharge of Niagara Proportional drainage of Hrie basin. 
river. 
Variations in discharge of St. Clair 
river. 


NOTES ON DISCHARGE. 


In the earlier investigations of Niagara river* the only 
available measurements of the discharge of the St. Clair and 
Niagara rivers were extremely fragmentary, and those obtain- 
able were made in 1868.¢ Very much more satisfactory in- 
formation is now at hand, as extensive determinations have 
been made for different stages of the lakes, and published in 
reports for the years from 1900 to 1905, so that the discharge 
of any day since the fluctuations of the lakes were first recorded 
some fifty years ago can be calculated. The discharges for the 
Niagara river are given in the report for 1903. The mean 
monthly and annual discharges have been transcribed to Ap- 
pendix v. of the present report. 

While the fluctuations of the lakes involve many problems 
bearing on the lake history, discharges of Lakes Huron and 
Erie only produce a direct modification of the recession of Nia- 
gara falls. The present conditions have not always prevailed. 
Thus, in 1888, it was first discovered that Lake Huron did not 


**Duration of Niagara falls,’ J. W. Spencer, Am. Jour. Sci., Vol. 


XLVIII., p. 461, 1894. 
+ Report of Chief of Engineers in 1869, p. 582. 


tIb. 1900-5. 
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empty into the Niagara drainage until a recent date, con- 
sequently it was necessary to ascertain the difference of volume 
of discharge of the St. Clair and Niagara rivers. 

As the surveys of Niagara falls were made in 1875, 1890, 
and 1905, the periods of discharge in the following table have 
been chosen so as to correspond with the years of the surveys. 
From the table it will be seen that there was a sudden shrink- 
age of the water after 1890. The discharge of Niagara in 1890 
was given at 228,974 cubic feet per second, while in 1891 the 
amount was only 208,908 cubic feet. The lowering of the water 
of the St. Clair river began to appear in 1889, but only in 1891 
did it attain the present low level. 


MEAN QUINQUENNIAL DISCHARGE OF ST. MARY, ST. CLAIR, 
NIAGARA, AND ST. LAWRENCE RIVERS. 
~ . . ie 

Years. St. Mary. St. Clair. Niagara. St. Lawrence. 
ISGOHLSHD aes eae 84,238 | 215,290 233,182 277,608 
TSGGLIS7 OM erent 83,985 194,773 220,483 260,629 
[S710 7h eee 80,531 203,623 214,819 240,694 
USACE cy tsWOen pees Sle ceten te tae ae 205,232 993.476 | 260,767 
1876-1880........ 75,550 208,341 | 998644 | 254,866 
WSMETE cease casnone 74,844 215,865 939.124 261,802 
1 S86=1500uN se eee 68,299 206,249 226,554 265,195 

187621900 Sette Mae eee 210,152 299.107 | -260,621 
WMA, ao ooesvcc 65,922 | 173,832 203,882 | 284,691 
STON. ccaanceeooe 80,391 | 168,891 | 202,480 929 989 
WYONG, oo oncoe SO ek ore | 173,665 (a) 206,167 | 244498 
1801-1905....02.« See eat. vesseveyse | * 904,167 | 234,088 

TEOLS 100d eee ea ee =e 171,746 DDD 10h ® ce: een ees 
TBGO1B92 ces ons 5 EL ee wt 197,603 219,499 251,930 
TKRAOTEW Is, cog pone. Sen tera toy, Ss te | 5-207,307% 4) 2925, 967 260,694 
TRO TEM. cep ans eae - ich tert ee * MMe No wcaneaat.. 

( 


(a) for 1901-02 only. 


*The discharge of Niagara river given in the 1904 report (p. 4058), is 
215,200 cubic feet per second as the mean from 1860 to 1903, and for the St. 
Clair river 205,400 cubic feet. As will at once be seen the difference of 
these discharges is entirely too small and could not have been used in 
determining the relative physical features of Niagara river. 
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The tables are adapted from the Engineers’ Report of 1908, 
based upon the mean measurements at an open section of the 
Niagara river and at the International bridge, two miles within 
the river. 


VARIATIONS IN DISCHARGE OF NIAGARA RIVER. 


The change in discharge for one foot of fluctuation of Lake 
Erie is (for datum discharge) equal to 23,205 cubic feet 
per second. This includes 1,200 cubie feet per second discharge 
for the Erie canal, and 1,100 feet per second for the Welland 
canal. (Thomas Russell, p. 4116, 1894.) The equation for 
the variation of the river stands thus :— 


Discharge in cubic feet per second (sf) equals 158,500 
+ 22,462 (C—570). C is the elevation of Lake Erie at 
Cleveland. (s. f. is cubic feet per second. ) 


In the discharge tables the volumes of the various years are 
based upon the fluctuations of the lakes. The meter determina- 
tions for various stages were made during some of the years 
between 1898 and 1902. Thus it will be seen that the measure- 
ments were only taken after the lowering of the lake outlet, 
which feature was not recognized in computing the discharge 
prior to 1891. This omission accounts for the larger volume of 
the river between 1860 and 1890 compared with that of sub- 
sequent years, giving an excessive discharge between 21,000 
and 23,000 cubic feet per second. 

If the Niagara channel has been uniformly deepened to 
the equivalent of one foot since 1890, one foot should have been 
taken from the lake levels in calculating all discharges prior 
to the lowering of the outlet; which has not been done, but in the 
tables, the discharges are given as if the outlets were as high as 
when the lake-levels were recorded prior to 1891, although 
the water-meter determinations were made since the lowering 


of the outlets. By comparing the mean discharges from 1860 


ca 
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to 1890 with that from 1891 to 1905, the volume of the Nia- 
eara river for the two periods is reduced from 225,967 to 
204,164 cubic feet per second, a difference of 21,803 cubic 
fect, or a lowering of about 0-95 of a foot. Transposing the 
case, with the bed of the channel as formerly nearly a foot 
higher, the mean discharge before and after 1890 would be ap- 
proximately the same. Thus is explained the extraordinary dis- 
crepancy that demanded investigation, as the meteorological 
variations were entirely unable to account for it. In short, the 
discharge of Niagara river in the future can only be taken as 
that of the mean since 1890, which further re-determinations 
may slightly correct. Accordingly the mean volume is taken 
at about 204,000 cubic feet in place of 219,000 for the whole 
period from 1860 to 1905. This materially reduces the esti- 
mate of the power of Niagara falls. The Lake Survey has 
lately reduced their estimate to 215,200 cubic feet (their me- 
thod being unpublished), but nowhere have they corrected the 
discharges for the lowering of the outlets as mentioned. With 
my correction applied, the mean discharge would be further 
reduced to 200,000 cubic feet per second. 


VARIATION IN DISCHARGE OF ST. CLAIR RIVER. 


A change of discharge in Saint Clair river for one foot of 
fall of Lake Huron is 19,238 cubic feet* per second (page 4120). 
While the formula for the discharge is simple yet it was instru- 
mentally determined for only a limited range of height, as in the 
case of Niagara river, after the lowering of the St. Clair outlet. 
Consequently, similar corrections in the discharge tables must be 
applied for the years preceding 1891. Again, ice action on 
which observations have been made during only three winters, 
is not fully understood; thus results are less satisfactory than 
at, Niagara river. 


* Report of U. S. Hngineers, page 4120, 1904. 
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The table (page 248) gives the mean discharge of Lake 
Huron from 1860 to 1890 at 207,357 cubic feet per second, and 
that from 1891 to 1902 at 171,746 cubic feet. As has been 
shown (Chapters xvir. and x1x.), the Huron outlet has been 
lowered by 0-66 of a foot more than the surface of Lake Erie, 
to which one foot must be added. Applying this correction to 
the mean discharge given before 1891, the result shows 176,957 
cubic feet per second, or about 5,000 cubic feet per second 
more than the mean discharge of the twelve years 1891-1902. 
This excess would be reduced by including the discharge of 
the last three years; and further: allowing for the imperfec- 
tions of observation, the discrepancy of calculation before 1891 
compared with determinations since that date is greatly re- 
duced. 

Thus it becomes apparent that the differences between the 
discharges of the two periods is due to the omission in consider- 
ing the former higher bed of the St. Clair river. This analysis 
confirms the conclusion as to the recent lowering of the Huron 
outlet, and the necessity of adopting the discharge values since 
1890 as the standard. 


VARIATIONS IN THE DISCHARGE OF THE ST. LAWRENCE RIVER. 


A formula has been found for extending the discharge 
calculations, and it may be added here, along with those of the 
other rivers. The meter measurements were taken in 1900-02, 
at the narrowest part of the river below Cardinal (that is below 
Lock 27). 

The discharge in cubic feet per second = 94683 + 25761 
(evel of Lake Ontario at Oswego —240); or, in other words, 
the variation of one foot changes the volume by nearly 25,761 
feet. Fluctuations of level of one foot at the Lock 27 repre- 
sent nearly 26,787 cubic feet, in the discharge measurements. 
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VARIATIONS IN TILE DISCHARGE OF ST. MARY RIVER. 


The formula for the variations of the discharge of Lake 
Superior may be applied in the study of the relative fluctua- 
tions of that lake and Lake Huron. The pier bridge across the 
St. Mary has increased the velocity, but the formula since 1898 
ies 

Discharge in cubic feet per second == 48,235 + 17,656 
(level of Lake Superior —600). 


PROPORTIONAL DRAINAGE OF THE ERIE BASIN, 


A special object in studying the discharge of the Huron 
basin is to determine the differences between the outflow of the 
Huron and Erie basins. Tables given in the Reports of En- 
gineers for 1903 and 1904 vary the mean discharge of the 
rivers by a small percentage, which when reduced to the dif- 
ferential discharge of the Erie basin makes the apparent dis- 
crepancy here very much greater than is permissible. Concern- 
ing Erie alone, Mr. Russell shows that of the Niagara discharge, 
when it reaches 222,400 cubic feet per second, 31,100 cubic 
feet per second should come from the Erie basin, if the rain- 
fall of the region were proportional to the respective areas 
—that is the Niagara discharge would exceed the St. Clair 
by this amount. But the calculation from the discharge 
formula as given in the 1903 report shows only 21,300 cubic 
feet per second as the average between the years 1860 and 1892 
inclusive. This is ten per cent of the total overflow of the Erie 
basin. In the report of 1904 this percentage was reduced so 
much indeed that Mr. Russell says: ‘It would require a very 
great and totally inadmissible evaporation from the lake to 
have the differences as small as observations indicated (page 
4125). ‘The most that can be done then with the water 
heights, discharge, and rainfall is to see what a reasonable 
value of the land run-off and the lake evaporation will give for 
the difference of the Detroit and Niagara rivers.’ 
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By taking the run-off of the year at six-tenths, and the evap- 
oration of Lake Erie at three feet in a year, Mr. Russell finds 
the Erie discharge would correspond to 37,255 e. £. per second. 
Combining the result with that from the Niagara river he shows 
it would raise the lake surface by 1-61 feet more than without 
it. He concludes by saying that the evaporation indicates that 
the winter run-off is probably more than six-tenths of the rain- 
fall, and the summer run-off somewhat less. This would make 
the proportional overflow from the Erie basin to be 16-7 per 
cent of the total discharge of Niagara river. 

For the Huron-Michigan basin the run-off from the land is 
taken at six-tenths of the rainfall, and the evaporation from the 
lake surface alone may be taken at thirty-three inches for the 
year; while in Lake Superior region, with the same run-off 
from the land, the evaporation from the water is less than 
eighteen inches. 

Considering the discrepancies between the meteorological 
and the gauge determinations, Mr. Russell says: ‘ The adopted 
datum discharge for the St. Clair and Detroit rivers is possibly 
too large, and the discharge of Niagara too small by a very con- 
siderable quantity; 10,000 cubic feet per second or more’ 
(page 4130). In the Report of the Engineers attention is also 
ealled to the fact that the gauge readings were taken during 
years of low water. 

In the above, great discrepancies appeared between the mean 
discharge of the Erie basin and the total volume of the Niagara 
river, when comparing the tables with other evidence bearing 
upon the subject; for from the table the mean run-off from the 
Erie basin appears to be only 10 per cent of the total discharge 
of all the Upper lakes, while the drainage areas and the meteor- 
ological phenomena indicated much larger proportions. 

From the corrected discharges it is found that the run-off 
of the Erie basin is 15 per cent of the total discharge of Niagara 


river. 
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This amount of 15 per cent as derived from the discharge 
values is close to that obtained from the meteorological calcula- 
tion, which is 17-7 per cent (page 221); and from the pro- 
portional part of the drainage area of 16 per cent. The 
discharge value is probably the most correct on account 
of the variable rainfall in the different lake basins. 
There will be other meteorological variations, such as a 
greater velocity of wind in the Erie than in the Superior 
basin, a higher temperature in Erie than in the other basins, 
as well as a greater evaporation. Finally, the adoption of 15 
per cent as the proportional part of the Niagara discharge 
derived from the Erie basin may be used in the variable reces- 
sion of Niagara falls during the period of changing volume. 
This problem involved one of the most complex questions in the 
present work, as the approximately correct determinations of 


the age of Niagara falls hinged, upon this investigation. 
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CHAPTER XXI. 


POWER OF NIAGARA—PART ONE. 


Variable discharge and _ present Ratio of Canadian and American 


shrinkage. channels and falls. 
Range of horse-power of the falls. Franchises. 
Available power in recession. Limitations of use. 
Net mechanical horse-power. Power of Niagara river below the falls. 


VARIABLE DISCHARGE AND PRESENT SHRINKAGE. 

The descent of the Niagara river from the First cascade of 
the Upper rapids to Lake Ontario is 312 feet. The surface of 
the river below the falls may be taken at 100 feet. Thus the 
power of Niagara represents the product of a fall of 212 feet 
and the variable discharge volume of any particular day. 


Corrected 
Cubic feet cubie feet 


per second. per second. 
Average discharge 1860-1890. ....... ............ *226,000 204,000 

i 1891-1905....... i are ie 204,000 204,000 
i BG ORES Utmost ae arte *219,000 204,000 
" 1858 (October 7) Se crete eA 314,000 292,000 
" 1862) (for the year)....... 2... 243,000 221,000 
in 1862 (month of June).......... 260,000 238, 000 
i" 1895) (for thetyear)) -.s.ee. see. 187,000 187,000 
" 1902 (month of February)..... 175,000 175,000 
" ETOYA (UMelovie, PWM, soho pocere 158, 500+ 158, 500+ 


Reducing these figures to horse power the following results 
are obtained :— 


RANGE OF HORSE-POWER OF THE FALIS. 


Average Corrected 
gross horse power 1860-1890... .............. 5,444,000 H.P. 4,914,000 H.P. 

: “A 1SOT=19CH AA eeerieecee ten 4,915,000 e 11 4,915,000, 
" ae QO OR eae cereok Se ae, 5,276,009 11 4,748,000 

" 858 (Oc tober 7) Ti) toy shovels 7,563, 000 " 7,033,000 " 

‘ 1362 (for the year). ....... 5,854,000 1 5,326,000 

" 1862 (for month of nae 6,264,000 5,736,000 

" 1895 (for the year).. : 4,505,000 1 4,505,000 1, 

" 1902 (month of February).. 4,216,000 4,216,000 

i 1902 (Feb’y, 28th)......... 3,818,000 3,818,000 


From these figures it may be seen that the work of Niagara 
varies enormously. 


* These are averages taken from the disenaree tables, rae on account 
of the lowering of the lake outlets, not allowed for here, the correct mean 
discharge is that of the period of 1891-1905. 

+ Water at Port Colborne only Be above the sea. 
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AVAILABLE POWER IN THE RECESSION. 


From the standpoint of the recession of the falls the whole 
of this horse power, whether large or small, comes into opera- 
tion. The greatest force of the river is at the apex. This con- 
dition has obtained for some time, as our recent survey has 
found that the deepest channel is close under the American 
falls, and near Goat island shelf. It is seen, both from the 
soundings and the present discharge over the falls, that the 
force at work is unequally distributed. 

It is only reasonable to suppose that the principal work of 
new exeavation is effected during periods of high water, when 
the rock formations are the most weakened. ‘The apparent 
modern reduction in the discharge of the river has been ex- 
plained, but the diminished rate of recession of the falls during 
the last fifteen years to less than half that of the annual amount 
during the forty-eight preceding years (page 41) is not due 
to the reduction of discharge. This slower recession now in 
progress is largely attributable to a change of rock structure, 
owing to the falls now crossing the site of the ancient Falls- 
Chippawa valley in place of following along its course (page 
166). 

The above brief consideration of the work of Niagara falls 
shows simply the natural retreat of the great cataract; but now 
artificial conditions are beginning, and henceforth these will 
be greatly extended. 


NET MECHANICAL HORSE POWER. 


A change of one foot in the height of Lake Erie will in- 
erease or diminish the discharge by 23,205 cubic feet per 
second, which is equivalent to 569,000 horse power. When it 
comes to the question of the artificial application of power, if 
water be taken from the river below the First cascade, the 
obtainable horse power will be much less than if taken above. 
On the average of all the companies, the available amount will 
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be reduced by from 30 to 35 per cent,* owing to the loss in 
height, in the waste weir tunnels, and at the bottom of the shafts, 
ete. This will reduce the available horse power for a foot of fall 
in the lake to 400,000 or less. Where the water is taken at a 
considerable distance below the head of the rapids, from forty 
to fifty feet lower down, the available amount will be still 
further decreased. Accordingly, the net mean water power of 
the falls if entirely diverted for artificial purposes would fall to 
3,200,000 horse power, and the low water discharge to 
2,600,000. On the basis of 7 per cent, the available horse- 
power of the American falls is 850,000 for mean stages, or 
nearly 250,000 for low water. 

The preservation of Niagara falls is now a question before 
both countries. Where water power franchises are given they 
are granted in quantities irrespective of the stages of the river, 
or, in other words, they withdraw the water from the minimum 
discharge. Thus when the mean volume was reduced to the 
stage of February, 1902, it was about 30,000 cubic feet per 
second less than the mean annual discharge. This produced 
the lowering of the river above the rapids by over two feet below 


mean stage. 


RATIO OF THE VOLUME OF THE CANADIAN AND AMERICAN 
CHANNELS AND FALLS. 


The mean depth of the water at the American falls does 
not exceed 1°5 feet, though some channels are deeper. These 
falls, including Luna island, have a breadth of nearly one 
thousand feet. The barrier whose height determines the 
discharge is situated near the head of Goat island, where the 
river is reduced to a breadth of about 340 feet. The First cas- 


* Power companies’ heads: Canadian Niagara, 136. Electrical Develop- 
ment, 136. Ontario Power Company, 180. Niagara Falls Power Company, 
New York, 136. Niagara Falls Hydraulic Company, 210. Chicago canal, 32 
feet. See Report of Queen Victoria Niagara Falls Park, by James Wilson, 
1905, p. 7. These figures show the great loss of power head in transmitting 
the water through the tunnels, 


17 


258 FALLS OF NIAGARA BOs ve 


cade between Goat island and the Canadian side forms a rim 
of nearly 3,400 feet, as the river cascades over the rock 
ledges which control the discharge of the Canadian falls. Ac- 
cordingly, in breadth the American channel is only nine per 
cent of the whole. As mentioned in Chapter v., there is an 
almost horizontal ledge of limestone extending across the river 
which is covered in many parts by only a thin sheet of water, as 
on the eastern half. Thus for 400 feet from Goat island, during 
the present average water already lowered, the sheet has a 
depth of less than one foot. Then for a distance beyond, 
beginning above the outermost Sister islands, the.depth of water 
appears to be from two to three feet, where it descends six or. 
seven feet. This continues for a few hundred feet, beyond 
which the ledge of rock is very thinly covered with water, 
reaching perhaps more than half way across the river. Beyond 
is the deep part of the Niagara river, extending to near the 
Canadian shore, where I have estimated the depth from dis- 
charge values as averaging eight to nine feet, although Mr. 
Wilson does not think that it is so great. At the First cascade 
of the American channel the average depth scarcely exceeds 
three feet ; and being very much smaller than the deeper section 
of the Canadian channel, the volume of discharge is reduced 
considerably below nine per cent, perhaps as low as six per cent, 
though probably the range may be between this and eight per 
cent. At seven per cent the volume is about 14,000 cubic feet 
per second. Indeed, the shallowness at the head of Goat island 
was shown during low water as in 1904, when, owing to the 
backing of the river due to wind, a wide expanse of rocks was 
laid bare above the Sister islands. Kalm records that four 
Indians forded from Goat island to the New York shore. 

Some idea of the character of these rapids is shown 
in Plates x1. a and B, and xxxt. a and B. | 


From Goat island to the International Boundary Line, on 
the First cascade, is a distance of about thirteen hundred feet, 
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where the depth is shallow as just described. From this Line to 
the Canadian side is twenty-one hundred feet, including the 
deepest portion of the river, where the water is not less than 
three times the depth of that to the east. Accordingly, not over 
13 per cent of the discharge is on the eastern side of the Bound- 
ary Line. This, together with, say, seven per cent in the 
Amercian channel, would allow 20 per cent of the volume 
of the river to be upon the New York side and 80 per 
cent on the Canadian. A mile above, the soundings give a 
good cross section on each side of the Boundary Line, and by 
Chézy’s formula it is found that 75 per cent of the water flows 
on the Canadian side; while at the First cascade, owing’ to the 
position of the Line and the shoaler water, on the eastern side, 
a smaller amount passes. 

At the brink of the American falls themselves the volume of 
the cascade, as given above, is approximately seven per cent, 
while the stream of water over the end of Goat island shelf, from 
a breadth of less than 300 feet, is so inconsiderable that it is 
almost inappreciable. Above this end the whole great cataract 
lies within Canadian territory. 


FRANCHISES. 


The question of franchises now presents itself. These have 
been granted on the Canadian side of the river to:— 


Canadian-Niagara Power Company... . 8,600 cubic feet per second ; 100,000 H.P. 
Ontario Power Company ... ........ 11,700 " " 180,000 4 
Electrical Development Company..... 10,750 " " 125,000 4 
Electrical Railway Company.......... 400 " " 
31,450 
On the New York side: 
Niagara Falls Hydraulic Company.... 10,000 cubic feet per second ; 100,000 H.P. 
Niagara Falls Power Company... ... 17,200 " " 200,000 
27,200 
Chicago Drainage canal......... neler 10,000 " " 
Welland canal (including Hamilton 
Cataract Company).......--. oe 1,100 " " 
Hiprercanal wasmevatiee eee en8 000567 1,200 " " 
12,300 ; ‘ 
To taller tee ita enh sure ore crete 70,950 " tr 
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Of the franchised diversion, the two companies on the New 
York side, and the Ontario company on the Canadian, take 
their water from or above the First cascade, and consequently 
affect the river common to both countries. The intakes of the 
Canadian Niagara and the Electrical Development Companies 
are from the deeper part of the river, far lower than the First 
cascade, and they will not use the water from the shallower: 
part of the river near Goat island side. Nor will they lower it 
in the basin above the First cascade or Lake Erie to any appre- 
ciable extent. As a power question alone, below the First cas- 
cade, almost all the water passing down the Canadian falls, 
belongs to Canada. 

It is the diversion of the water from above the rim of the 
First cascade which will further shrink Niagara falls. Already, 
the crest has been curtailed by 415 feet, on the western side, 
owing to the artificial embankments. (See pp. 267-8.) 

Besides these there are ten other franchises, mostly old, 
some of which have been cancelled. Several are in unlimited 
amounts, so that the whole volume of the river might have been 
given away, but none of these last are under construction. 

At the time of writing (winter of 1906) the Chicago drain- 
age canal is taking 5,000 cubie feet per second; the Canadian 
companies, 3,000; and the New York companies 9,000 cubic 
feet, in all 17,000 feet, besides the Welland and Erie canals. 
This is equal to the lowering of the water in Lake Erie by 
three-quarters of a foot. The figures include a liberal loss in 
conversion, and they should be compared with the discharge 
at a time of low water. Passing by the minimum daily over- 
flow, occurring in these later years, but adopting the mean low 
volume of February, 1902, which was 175,000 cubic feet per 
second, the above franchises, including canals, represent 40 
per cent of the total low water discharge. 
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LIMITATIONS OF USE. 


Since writing the above, the report of the International 
Waterways Commission has appeared. They recommend the 
limitation of the power on the Canadian side to 36,000 cubic 
feet per second, and on the New York side to 18,500 cubie feet 
per second; in addition to which is the discharge of 10,000 
cubic feet for the Chicago canal;—in all 64,500 cubic feet, 
including the Welland and Erie canals, or nearly 37 per cent of 
the low water discharge. This amount will lower the river, pro- 
ducing effects on the falls only a little less than the diversion of 
the full franchise volume mentioned. So, also, it will most 
seriously impair navigation on the Upper lakes as will be ex- 
plained in next chapter. 


POWER OF NIAGARA BELOW THE FALLS. 


The question of the power of Niagara does not end here. 
There is the same volume of water descending about another 
hundred feet before reaching the mouth of the gorge. Here is 
neatly fifty per cent of the power of Niagara falls themselves. 
Various schemes have been proposed to utilize it—for instance 
a tunnel on the Canadian side, adjacent to the Whirlpool rapids, 
where there is a descent of 51°5 feet. On the New York 
side it has been proposed to build a retaining wall beside the 
rapids which would eventually reach a height of fifty feet, 
and then cut down the natural slope of the side of the cafion so 
as to build a canal between the retaining wall and the side of the 
gorge, now made perpendicular. On the embankment the Gorge 
railway would run, while the power house would be situated on 
the rocks at the outlet of the Whirlpool. 

At Foster flats a fall of twenty feet is available. Finally, 
the last proposal is to dam the mouth of the river to a height of 
100 feet, and thus at once obtain a million and a quarter of 
available horse power. This would flood Foster flats, drown 


the Whirlpool, submerge Whirlpool rapids, and form a great 
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mill pond. Such a proposition disregards the various considera- 
tions of the destruction, of all these features and ignores inter- 
national questions. The engineering difficulties of opposing a 
force of 3,000,000 horse-power, which might be hurled against 
the works, at any time during a great flood, seem insurmount- 
able, and not to have been taken into account; also, the fact 
that the dam would require to reach more than 180 feet below 
the surface of the river. 

In this chapter I have set forth.the power of the river as a 
natural agent, and have pointed out the capabilities for supply- 
ing power. Another proposition has been brought forward, 
namely, to divert the water from the main river into the New 
York channel and to save the American falls. But to pay for 
this expense a million more horse power is to be abstracted from 
the greater falls, which are Canadian. This is an insidious 
proposition for obtaining more water, in fact more than a third 
of the total available power of the river. 

Before making these investigations I had no appreciation 
of the magnitude of the changes which the proposed use of 
power is hkely to produce. It is only by applying measurements 
to the falls that the comprehension of the effects of diversion 
can be understood. These will be shown in chapter xxi., Part 
Two. 

The result of lowering the river in the basin above the 
Upper rapids by the equivalent of three-quarters of a foot in 
Lake Huron can be seen in Plate vii, photographed on a day 
when the lake level was exactly the mean of the last five years, 
but subsequent to the lowering of the water on the rapids, to an 
apparent extent. 


Puate XXXI. a. 


View of east end First Cascade at Goat Island and 
bared rock at Sister Island. (Sept., 1906). 


PLATE XX XI. B. 


View of First Cascade above the outermost of the Sister Islands. 
This rim determines distribution of river flow. (Sept., 1906). 
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CHAPTER XXI., PART TWO. 


SHRINKAGE OF FALLS AND LOWERING OF LAKES BY 
POWER DIVERSION, 


Effects on Niagara Falls by use of Lowering of lakes and canals, by 
power. use of power at the Falls. 


EFFECTS ON NIAGARA FALLS BY USE OF POWER. 


A fall of one foot in the level of Lake Erie reduces the 
discharge by 23,000 cubic feet per second. This amoum 
divided into the franchise allowances of about 70,000 cubic 
feet per second represents the equivalent lowering by three 
feet if the water were taken directly from the lake itself. For 
each additional foot of the subsidence the outflow diminishes, 
so that the franchise amount would represent a sinking of 
the lake by a qualified factor. The outlet of Lake Erie 
at the International bridge is reduced to a breadth of 1,850 
feet, and a mean depth of 22-5 feet, with a sectional area of 
42,000 square feet. As most of the water will be withdrawn 
from below here the effect upon the lake will be through 
an increased velocity, until equilibrium becomes re-established 
by a lowering of the lake. This question will be considered 
immediately after the present one. 

Below Grand island the two branches of the river unite and 
form a basin, which, just below the creek entrance at Chippawa, 
is 5,050 feet across, with soundings, so that the area of the 
section can be determined. This is 83,000 square feet. The 
mean depth is sixteen feet. The discharge, is that of Lake ° 
Erie, with only a small increase from the creeks at Chippawa 


and Tonawanda. It took fifteen to twenty minutes for floats 
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to cover the distance from the line of soundings, where the 
area is measured, to the First cascade, at the end of which is 
situated the Forebay of the Ontario Power,Company (see Plate 
xir. A), showing the small descent of the river. From this basin 
or above it the power franchises allow the withdrawal. of about 
41,200 cubic feet per second, which represents 20 per cent of 
the mean discharge, or 24 per cent of the low water flow. Ac- 
cordingly, the proportional diversion represents an unmodified 
lowering of this basin to the extent of four feet for low water 
stages, or 3°2 feet for average water. To this must be added 
10,000 feet for the Chicago canal, thus making a total of 51,200 
cubic feet, or 25 per cent for mean water, and 30 per cent for 
low water. This total diversion at or above the First cascade 
should be modified to an undetermined amount from confining 
the river to a narrower channel, after the shallower rim will 
have been mostly drained. 

If the proposed limitation be carried out, then from the 
64,500 cubic feet must be deducted the Canadian franchises of 
19,750 cubic feet taken at points below the First cascade, leav- 
ing 44,750 cubie feet to be withdrawn from above it. This 
would make the theoretical lowering of the basin, without cor- 
rections, amount to more than 3°5 feet for even mean water, or 
over four feet for low water. 

The withdrawal of the water behind the rim of the First 
cascade has the same effect as the deepening of the outlet. 
It increases the velocity of the river above, which for a time 
lessens the amount of the subsidence in the basin, until the Erie 
level is adjusted to the new conditions. Even now the rim 
of the First cascade for many hundred feet from Goat island 
is covered by only from one-half to one and a half feet of water. 
These observations were made after there had been a consider- 
able diversion of the river, and on a day when the lake was at 
its mean quinquennial level. The deeper the water upon the rim 
at present, provided it be eventually drawn off, the more would 
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be the lowering of the surface behind it, due to the diversion 
through artificial orifices; while if there be less water on the 
rim the discharge would be diverted into the narrower and 
deeper channel, causing some retardation of the current in the 
basin. There is nothing to lead me to expect that the lowering 
will be less than three feet for mean water and more for low. 
(See p. 272.) 

The diversion already at the rim of the basin has reached 
a foot. This has lowered the water on Goat island shelf (as 
shown in Plate xxxvint. a), where formerly fewer blocks ap- 
peared, to beyond the International Boundary Line at the cata- 
ract, and also near the Goat island walk (see Plate 11.). In the 
meanwhile the diversion is laying bare the shallow river bottom 
above the upper end of Goat island and about the Sister islands. 
The effect upon the falls is also increasing. With the lowering 
of even two feet the crest line from Goat island will be drained 
round the angle of the shelf to a distance of about 800 feet (see 
Plates mr and vui.), thus cutting off this magnificent sheet 
of the falls. This will be the first part of Niagara falls to dis- 
appear, as the shallowest part of the water is on the rim above. 

The next shrinkage will be in the American falls, which 
will be reduced from a sheet of about a thousand feet wide to 
a few narrow streams coursing down the deeper channels, as 
may be determined from the rim above the rapids. 

At the same time the main falls will have the depth of water 
reduced two or three feet. This change is arising from the 
diversion of the water above the rim of the First cascade; 
while that from fifty feet below the First cascade, will scarcely 
affect the discharge at the rim above. After the loss of 20 
to 25 per cent of the water, above the rim, the power drawn 
from below it will divert about one-eighth of the remainder 
of the discharge (for mean stage) from the deeper channel. 
This will further lower the water here by less than one foot. 
The lowering of the river above the falls in this deeper channel 
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may contract their breadth on the Canadian side, by 200 feet 
more, as already 415 feet have been taken owing to the artifi- 
cial embankment. As as stated on the previous page, the shrink- 
age in progress on the western side of the falls will amount to 
800 feet. 

Niagara falls reached their supreme magnificence by 1900, 
when the perimeter of the Canadian falls was 2,950 feet and 
the American 1,000 feet. The whole is now reduced by en- 
croachment to about 3,500 feet. With the use of the full fran- 
chises the entire width of the falls will be reduced to 1,500 
or 1,600 feet, and then they will lie wholly in Canadian terri- 
tory, except small streams coursing down the ancient river 
bed over the Goat island shelf and the present route of the 
American channel and falls. But occasional glimpses of the 
ancient grandeur of the falls will be seen during exception- 


ally high water. 


LOWERING OF LAKES AND CANALS BY POWER DIVERSION AT 
NIAGARA RIVER. 

If the subject be considered at all, there seems to be an im- 
pression that the diversion of the water at Niagara will not 
affect the higher lakes. If the water were all taken from below 
the Greens or the First caseade, at nearly fifty feet down the 
rapids, the affect on the upper river would be unappreciable. 
But most of the water under the franchises will be taken 
from or above the rim, which forms the barrier to the basin of 
the Upper rapids. 

In the narrow part of the outlet of Lake Erie, at the Inter- 
national bridge, the mean depth is twenty-two and a half feet, 
but the deepest part of the channel reaches to fifty-three fect. 
At 1:25 miles above, the rocky beds appear at seventeen to 
twenty-four feet. Many parts of the river below are thirty feet 
deep to a point just above the basin mentioned, which is nearly 
fourteen feet below the level of Lake Erie. The sandbars in 
the river are mobile and deposited by a slight diminution of the 


PratTE XXXII. 


View of western end of Canadian Falls, before curtailment of 415 feet. 
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current, the same would be removed, with an equally small 
increase of velocity. Thus, if the velocity be doubled, the 
transporting power is increased sixty-four times. This shows 
that the bars are as unstable as the river, the whole course of 
which may be considered to have a depth of between thirty and 
fifty-three feet. As the depth upon a great part of the rim is 
less than three feet, and as probably the deepest channel does not 
average more than eight or nine feet, the floor of the river every- 
where, to near Lake Erie, is practically at as low a plane as the 
bed of the channel across the rim. Accordingly, it is not entirely 
the river bed that gives the slope, but it is largely the constric- 
tion at the narrow outlet of the lake, whereby the surface of the 
river is here piled up and flow out with more rapid currents. 

At Fort Erie town is a broad terrace five to eight feet above 
the river extending to a high river bank. At the upper end, 
it is underlaid by rock, once a floor extending across the river. 
At the crib of the Buffalo Waterworks the depth of channel is 
seventeen feet. But immediately above and below is a large 
channel to twenty-four feet or more, so that the deeper part of 
the seventeen-foot channel may now be refilled with clay. 
Here the velocity of the river reaches eight miles an hour, 
although the width is about 1,850 feet. As the deeper 
channel is about 1,000 feet wide, with its limitation, by 
a depth of twelve feet or less, I find here the original 
outlet of the little Erie drainage; so that all the channel 
less than twelve feet deep has been only recently over- 
flowed (see Chapter xxvut.) by the late increase of the river 
discharge. At the time of the augmented volume the river 
flooded the rocky floor of Fort Erie to a depth of about twelve 
feet, since which time the lake has been lowered perhaps twenty 
feet by the scouring out of the clay and rocky barrier, during 
the recent part of the history of the river. 

It is thus easily seen that if the slope of the river be in- 
creased, its velocity at the outlet mentioned, which is now five to 
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eight miles an hour, must be increased also, and that the prin- 
cipal acceleration due to the lowering in the basin above the 
Upper rapids will be concentrated at the narrow outlet of the 
lake. At the Upper basin the velocity is less than two miles 
an hour, but this is two and a half times the width of the lake 
outlet. 

A change of level of Lake Huron by one foot will raise or 
lower Lake Erie 0-727 of a foot; also a rise of one foot in 
Lake Erie will cause a backwater of 0°346 of a foot in Lake 
Huron. The distance is sixty miles, and the fall of the river 
eight and a half feet. At Niagara I have determined the fluctua- 
tions in the basin from Port Day levels, and find that a change 
of one foot in Lake Erie produces a fluctuation of 0°45 of a 
foot in the Upper basin, about five hours later The distance is 
nineteen miles, with a fall of nearly fourteen feet. Under 
(hese circumstances it is easily seen that a lowering of the water 
in the basin above the Upper rapids must considerably increase 
the velocity at the outlet of Lake Erie. 

The result of the withdrawal of the water behind the First 
cascade, as has been already shown (page 266), is to lower the 
water in the basin. As the water is being drawn off, it is partly 
compensated by the increased velocity of the river above. So 
long as any water runs over the thinly covered rim, the artifi- 
cial diversion from behind will have the same effect as if the 
channel were depeened. Once it shrinks below the higher part 
into the narrower deeper channel a new component will be in- 
troduced, when the result will approach that of simply a change 
of outlet. This, however, cannot occur until the level has 
fallen considerably for ordinary stages of water. If it were 
not for the contraction of the channel, the greatest lowering 
would exceed the amount mentioned (page 267). 

With the gradual lowering of the basin, a difference of one 
foct in the slope of the river should increase the velocity at 
the outlet of Lake Erie by about three per cent, which in 
the course of a year and a half would lower Lake Erie nearly 
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a foot,* with the complete effect shown sometime afterwards. 
While some as yet unmeasured factors may somewhat retard 
the velocity and increase the time, the ultimate effect must be 
the same. After that the equilibrium should be restored at a 
lower level of the lake. Subsequently comes in the lowering 
of another and still another foot, or more, so that I cannot see, 
even in this preliminary study, how that in a few years at most, 
from the time of the complete use of the franchise power, Lake 
Erie will not be lowered by three feet, or more for prevailing 
low water—not taking into account the effect of the further 
deepening of the outlet of the lake which may recur at any 
time. This last statement introduces a new feature, The 
tendency of the river is always to scour and lower the bed of 
the outlet of the lake, as actually occurred to the extent of one 
foot immediately after 1890. Now, with the increased velocity 
oceasioned by the slope of the river, augmented from fourteen 
to seventeen feet, the deepening of the outlet must be acceler- 
ated at the bridge section, and on the more rocky rim at Fort 
Erie town. While the full amount cannot be precisely stated, 
it presents a serious problem from the economic side of the 
question, which cannot be avoided even if overlooked. With the 
lowering of Lake Erie, the same effects will follow, and Lakes 
Huron and Michigan in their turn will be lowered a little later. 

So much for the physics of the river as the question appears 
to me. But has not the diversion of water already in use pro- 
duced an appreciable effect ? 

The five thousand cubic feet per second taken by the Chicago 
canal has an effect of lowering Lakes Michigan and Huron by 
0:26 of a foot or over three inches. The volume of the Chicago 
canal increased to ten thousand cubic feet per second will 
double this amount, or lower Lake Huron by somewhat more 
than six inches. This Chicago diversion of five thousand cubic 


* Chézy formula is: v= awir, Sy. where v represents velocity; c con- 
stant requirement of river to be determined (which in large river does not 
differ greatly for small changes) ; R, the radius or depth ; S, slope or fall. 
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feet affects the level of Lake Erie by 0°22 of a foot,f and Lake 
Ontario by 0°19 of a foot, which in each case will be doubled 
with the increased discharge by the Chicago canal. 

A marked increase in the rainfall has occurred since 1900, 
as compared with the mean rainfall during the decade ending 
with that year. On examining the tables of the fluctuations of 
level and rainfall, and taking into account the effects of the 
Chicago canal upon different basins, I find from both the results 
that Lake Erie should have risen 0°46 of a foot more than it 
actually has done, when compared with both Lake Ontario* and 
Lake Huron. What is the cause of this failure to raise the level 
of the Erie basin, where the rainfall has increased not only over 
the amount of the previous period, but also in excess of that 
of the other basins. Certainly there is but one explanation, 
namely, the excess has been diverted by the power uses 
from above the rim of Upper rapids during the five years 
ending with 1905, over the mean of that of the ten preceding 
years of low water. Adding to this the effect of the Chicago 
drainage canal, the fall which the lake has experienced from 
the artificial diversion amounts to 0:68 of a foot in height, 
or about eight inches. At the close of 1905 the total diversion 
of water was equivalent to the lowering of Lake Erie by about 
nine inches. Here then is direct evidence that the diversion of 
water has lowered Lake Erie, to more than eight inches, while 


as yet not over one-quarter of the franchise power has been 
brought into use. 


But the superficial observer would not see the change on 
account of the increased rainfall, by which the actual present 


* This figure is found thus: with the increased rainfall, Lake Ontario 
has risen 0°62 foot, to which must be added 0°19, the effect of the Chicago 
canal, or 0°81. As the lowering of Erie and Ontario are found to have been 
nearly equal, Erie should have been correspondingly raised (0:62 foot for 
increased rainfall and 0°22 for Chicago canal diversion, or 0°84). This last 
0°22 and the actual observed rise of 0°15, is all that can be accounted for, 
leaving 0°47 foot as the amount of lowering of Lake Brie by the diversion 


of water at Niagara falls from above the First cascade. From the changes 
of the rainfall, the result was found to be 0:45. 
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level of Lake Erie is not lowered below that of previous years. 
Had not the diversion occurred, while a corresponding rise 
actually took place in Lake Ontario and Lake Huron, Lake Erie 
would have been raised 0°68 of a foot (0°46 at Niagara and 
0:22 at Chicago). 

While it is more difficult to recognize small fluctuations 
than large ones, all must be taken over a considerable length 
of time, for neither a day, nor even a year, is sufficient, 
yet this demonstration of the effect upon Lake Erie of the 
changes brought about by the power diversion, confirms the 
estimated effects on the same. A lowering of the higher lakes 
(Huron and Michigan) must also occur when the change in the 
Erie basin is completed. This lowering of Lake Erie, during 
years of mean stage of water, and still more during periods of 
unusual lowness, will produce serious effects on the canals and 
harbours, for which provision must be made. 
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CHAPTER XXII. 


CHANGES OF ONTARIO LEVELS SHOWN IN IROQUOIS 


BEACH. 
Early observations concerning the Iroquois beach. 
Troquois beach. Lower beach and increased descent 
Characteristics of Iroquois beach. of the Niagara. 
Tilting of the land recorded by Sudden changes of level. 


EARLY OBSERVATIONS CONCERNING THE IROQUOIS BEACH. 


Mention has been made in Chapter xv. of the higher stages 
of water at the mouth of the Niagara gorge shown in the now 
elevated beaches. The most perfectly developed, and also most 
carefully studied one, is the Iroquois beach, and its importance 
lies not merely in its height at the Niagara, but in its now up- 
ward tilting on proceeding northeastward, so that it becomes 
one of the standards of late terrestrial movement. 

Narrow gravel ridges traversing an otherwise clayey plain, 
running in directions more or less parallel to the lake shore, 
were made use of as Indian trails. These were adopted by the 
original settlers of the country as the main thoroughfare, and 
constitute what are called the Ridge roads. Fragments of such 
oceur about all the lakes. Those south of Lake Ontario, from 
Lewiston on the Niagara river to Rochester, were described so 
long ago as 1811 by DeWitt Clinton.* The character of the 
roads so nearly resembles that of the present lake beaches that 
many early writers regarded them as of such origin. But they 
are not horizontal. 

In discussing the disturbed levels of the roads between 
Rochester and Lewiston with Prof. Desor in 1851,+ Prof. 
Stoddard said: ‘The unequal elevation of the different parts 


* Journal of the New York Historical Soc., p. 68, 1811. 
+ Proc. Boston Soc. Nat. Hist., Vol. III., p. 358, 1851. 
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of the Ridge road was not incompatible with the theory of there 
having been a beach, if it were supposed to have been raised to 
its present position. The elevation of so extensive a tract to a 
height of 500 to 600 feet’ (an incorrect reference to sea level) 
‘could hardly have occurred without having produced inequali- 
ties at different places as great as are found of some thirty or 
forty feet.’ This is the earliest clearly expressed idea known to 
the writer, of the deformation of the land being recorded in the 
raised beaches, which was necessary to account for their origin. 
A fragment of the beach west of Toronto was described by Mr. 
(now Sir Sandford) Fléming, in 1859.* In 18638,+ Prof. 
Robert Bell correlated the Davenport beach near Toronto with 
that at Lewiston, thereby suggesting a greater rise of land in 
the vicinity of Toronto than at Niagara river. The details of 
this same beach through Hamilton and elsewhere at the head 
of Lake Ontario were described in-the Geology of Canada, and 
later by myself in 1882.+ 

At me eastern end of Lake Ontario Mr. William Dewey, 
in 1836,** proposed to locate the Rome and Watertown rail- 
way, but found that this beach rose too rapidly. Thus the atmos- 
phere was full of the idea of the differential rise of this old 
shore line. In 1842 Prof. Hall recognized that the beach was 
of unequal height, but did not give prominence to the deforma- 
tion. In 1885 Mr. G. K. Gilbert§ made further exploration 
from the Niagara river to North Adams, south of Watertown, 
where he terminated the beach, and gave the measurements at 
several points. In 1887 I continued the exploration of the 
beach from North Adams to Prospect farm, four miles beyond 
Watertown.||° In that year, and subsequently, I made further 


oanadien nour aa Toronto, 1859, 

+ Geology of Canada, 1863. 

i‘ Geology of the Region about the Western end of Lake Ontario,’ J. 
W. Spencer. Canadian Naturalist, Vol. X., 1882. 

** Quoted by Dr. Hough in History of Jefferson Co., N.Y. 

§ Science, Vol. VI., p. 222, 1885. 

||‘ The Iroquois beach, a chapter in the Geological History of Lake 
Ontario,’ Trans. Royal Soc. Can., Vol. VII, Sec. IV. pp. 121-1184, 1889. 
Abstract in Science, Vol. XI., p. 49, 1888. 
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surveys of the delta deposits on the northern side of the Adiron- 
dacks, and correlated a chain of them as the plane of this beach. 
In 1887 I carried the survey round the Canadian side of the 
lake to near Belleville, about 150 miles from the head of the 
lake. In that region it passes round a spur of high land into the 


Trent valley. Additional surveys were made in 1888, 1893, 
and 1895. 


My paper on the Iroquois beach was first read before the 
Philosophical Society, Washington, D.C., in 1888 (see Science, 
vol. x1., p. 49), but the first map of the beach and this extending 
round both sides of the lake was published in the Transactions 
of the Royal Society of Canada, volume vut., pages 121-134, 
1889. The paper was subsequently revised in the American 
Journal of Science in 1890.* The name ‘ Iroquois’ was given 
by me, upon conferring with Dr. Gilbert who had made the 
survey on the New York side of the lake. 

From the survey round the lake, with a determination of 
the heights at various points, those by myself being instrumen- 
tally measured, the amount of rise (mentioned by Stoddard) 
was determined as well as the direction. ‘These could only be 
ascertained after the beach had been measured on both sides of 
the lake and afforded means of determining lines of equal rise. 
Interesting additional details, with the local sinuosities and an 
extension in the Trent valley beyond my published survey, have 
lately been completed by Prof. A. P. Coleman+ on the Canadian 
side. The local details on the New York side have been further 
surveyed by Prof. H. L. Fairchilds, whose map marks some of 
the separated ridgelets at the eastern end of the lake. On this 
and other beaches Prof. Fairchilds has done most detailed work, 
as well as Prof. Coleman on the Canadian side. | 


* © Deformation of Iroquois beach,’ Am. Jour. Sci. III., Vol. XL., pp. 
443-451. 

+ Iroquois beach in Ontario, by A. P. Coleman, Rept. of Bur. of Mines 
for Ontario, pp. 225-244, 1894. 
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CHARACTERISTICS OF IROQUOIS BEACH. 


At the western end of the lake the characteristics of this 
beach are shown in a sand and gravel ridge which may be 300 
to 500 feet wide rising fifteen or twenty feet or even more 
above the sloping plain in front, which hecomes more clayey 
on receding from the sand ridge. In front of the large old 
valleys great barriers have been built up, such as the Burling- 
ton Heights at Hamilton (see Figure 25), and Davenport 


Marsh 


Fig. 25. Map of head of Lake Ontario showing 
a lower modern lake beach, and the raised Iroquois 
beach, locally known as Burlington Heights. 


ridge west of Toronto. A common characteristic is the occur- 
rence of shallow depressions which once formed lagoons behind 
the barriers. The Iroquois beach is generally found to be cut 
out of drift material furnishing the pebbles which have become 
water-worn by the waves of Iroquois lake. At certain points, 
as west of the Niagara river, the supply of gravel-making 
material being limited, or the waves encroaching upon the rocky 
shore, only cut-terraces were produced. In its western extension 
the beach may be occasionally seen as constituted of three 
separated beachlets having an amplitude of twenty to twenty- 
five feet. On proceeding eastward this feature of ridgelets with 
greater amplitude becomes more striking both on the Canadian 
and New York sides of the lake. In a recent paper* Prof. Fair- 


* Pleistocene Geology of New York, 20th Rept. State Geologist, p. 107, 
et seq., 1902. 
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childs has marked five or six of these subridges at the eastern 
end of the lake; but there are also lower shore lines. 

Having worked out the valley-like character of the Ontario 
basin} I was unable to account for the barrier to the lake in the 
St. Lawrence region until sufficient tilting of the land, subse- 
quent to the Iroquois epoch, was found to account for the 
obstruction to the basin.{ This enabled me to complete the ex- 


planation of the origin of the Lake Ontario basin.* (See Plate 
Sect) 


The Iroquois beach is of further importance in showing 
that for a long time the water stood much higher than now at 
the outlet of Niagara gorge. The deformation of the beach also 
shows the amount of warping of the earth’s crust in this region 
since the waters were at this height. 


TILTING OF LAND RECORDED BY IROQUOIS BEACH. 


At the head of Lake Ontario the Iroquois beach is 116 feet 
above the lake; at Niagara river 137 feet (Spencer); at 
Rochester 189 feet; at Canastota, southeast of Lake Ontario, 
194 feet; and at Adams Centre 410 feet (Gilbert); at 
Prospect farm, four miles east of Watertown, 483 feet 
(Spencer). The deltas which are regarded as showing the 
interrupted extension of this same shore plane north of the 
Adirondacks have a height of 582 feet at Natural bridge; near 
East Pitcairn 695 feet; and at Fine 725 feet. On the northern 
side of the lake the beach rises from Hamilton at 116 feet 
(Spencer), to north of Carlton station west of Toronto at 178 
feet* (Coleman). At Kingston Road, twelve miles east of 


+ Discovery of Pre-glacial Outlet of Erie basin into that of Lake Ontario. 
With notes on Origin of Great lakes. Proc. Am. Phil. Soc. XIX., pp. 
300-337, 1881. Also Proc. Amer. Ass. Ady. Sci., Vol. XXX., pp. 131-146, 1881. 

+ Transactions Royal Society, Canada, loc. cit. 

** Origin of Basins of Great lakes.’ J. W. Spencer, Quar. Jour. Geol. 
Soc., Vol. XLVI., pp. 523-533, 1890. Also Am. Geologist, 1890. 
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Toronto, it reaches 212 feet (Spencer) ; north of Port Hope 311 
feet (Coleman) ; north of Colborne 355 feet; and two miles and 
a half north of Trenton the beach is now elevated to 386 feet. 
(Spencer). 

The upper terrace at 436 feet, with a front shore line 
above, is probably the representative of the Bell terrace south 
of Lake Ontario, which has a height of forty feet or more above 
the Iroquois plain. Prof. Coleman recognized here a lower 
bar at 374 feet, and recalls attention to the fine boulder pave- 
ment at the rear of the terrace at 339 feet. I regarded the 
series from the boulder to the top of the gravel beach (forty- 
seven feet) as the amplitude of the Iroquois beach, which, 
nearer the head of the lake, is often faced with boulder pave- 
ments; but the range there is only twenty or twenty-five feet. 

The recent publication on the extended Iroquois shore in 
the Trent valley, is due to Prof. Coleman, who finds that at 
Campbellford and near Madoe Junction the upper beach has a 
height of 475 feet. He also recognizes the smaller amount of 
tilting in the lower beaches. In this region the deformation of 
the lower shore line is four feet or less per mile, while in the 
upper beach it is five feet per mile. From these measurements it 
is found that the beach at the western end of Lake Ontario rises 
about two feet per mile in a direction N. 25° E. (corrected.) 
This is the triangle which affects the Niagara district. The rise 
increases so that at the northeastern end of Lake Ontario (be- 
tween Trenton, Richland, and Prospect Farm, New York) the 
average rate is five feet per mile N. 16° E. This tilting calcu- 
lated for Kingston at the outlet of the lake indicates the up- 
lift of the lake region from the head of the lake to be 400 feet, 
and if computed to the first rapids of the St. Lawrence (Galops 
rapids), sixty-six miles directly beyond, the rise should amount 
to 650 feet in all. (See Chapter xxrx.) In the region of 


* The Iroquois beach in Ontario,’ Prof. A. P. Coleman. Rept. of Bur. 
of Mines of Ontario, pp. 225-244, 1904. 


1. 
284 FALLS OF NIAGARA Lease ney 


Watertown the rise is somewhat greater, so that the total amount 
of differential rise might be taken to be 750 feet. 

These measurements show a remarkable land tilting at a very 
recent date, as this old shore line was horizontal when it was 
formed ages after the birth of Niagara falls. It must be re- 
-membered that this beach line was a water level when the 
present barrier to Lake Ontario at Galops rapids was reduced 
to 500 feet or more below sea level, and the lake was lowered 
by the amount of its present elevation of 246 feet.. If, however, 
the continental region were sufficiently high, the Niagara river 
could have descended even to what is now the deepest part of 
the floor of the basin of Lake Ontario. In either case. it is not 
surprising to find the deep Niagara River channel excavated 
after the withdrawal of the Ontario waters subsequent to the 
Iroquois episode, with the later backing of the lake to its present 
level. | 

If the Iroquois plane of the Ontario basin be brought into 
comparison with that of Forest beach of the Erie basin, the 
rise, from its lowest point west of the head of Lake Erie to a 
point east of Sheridan, N.Y., is found to be 240 feet. Accord- 
ingly the Iroquois plane is thus proved to have been at least so 
much nearer sea level than its lowest point now is. Higher 
beaches of the Upper lakes indicate an even lower plane than the 
one mentioned, possibly even to that of present sea level. If the 
whole great lake region stood higher the relative elevations of 
the beaches remain as shown. However, it is not intended here 
to go into the question of oscillation of the earth’s crust since 
the commencement of the beach-making period, but only to 
state such facts as bear upon the changes affecting Niagara 


river. 
LOWER BEACH AND INCREASED DESCENT OF THE NIAGARA. 


It was mentioned that the Iroquois beach was characterized 


by beachlets throughout the range of some twenty-five feet at 
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the western end of the lake. At the northeastern end, on both 
sides, the range of beachlets is considerably more. There are 
lower beaches. Near Watertown is one at 288 feet above the lake, 
which descends nearly to water level in the vicinity of Oswego, 
(Gilbert). Passing under the water to the head of the lake I re- 
garded its position as that which determined the present for- 
mation of Burlington beach (Figure 25) at the end of Lake 
Ontario, when the lake there was nearly seventy-eight feet lower. 
This beach increased in height from the bottom of the lake ag 
the water gradually rose to the present level, upon the reflooding 
of the basin and drowned the deeper Niagara channel. The 
outer part of the drowned delta of the Niagara river owes its 
position to the same water line. 

The lowering of the lake increased the descent of the river 
from the Iroquois shore line to the deepest channel of the 
Niagara, far below the present level, thus causing the increase 
in the height of the falls, although later they were again lowered. 


SUDDEN CHANGE OF LEVEL. 


Other beaches are mentioned as occurring about the outlet 
of Niagara river. Each of these marks a period of rest in the 
lowering of lake levels. Formerly I had regarded the subsid- 
ing of the lakes as being secularly regular. so that a general 
average of the time might be taken. The idea of general 
uniformity must be abandoned. The changes occurred almost 
per saltum, with intermittent pauses; long epochs of stability, 
then rapid changes, until the next water line was established, 
but with greater amplitude of movement in the northeastern 
than in the southwestern direction. This deformation was 
not the result of drawing off the water which had left the hori- 
zontal beaches, but it was due to an unequal rising of the land, 


from some internal earth movement. 
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CHAPTER XXIII. 


EFFECTS OF TILTED SHORES OF WARREN WATER ON 
THE NIAGARA DISTRICT. 


Notes on the study of Lake Warren. Hlevation of Forest plane above 

Elevation of the Forest beach. Iroquois. 

Tilting of land at eastern end of Warping after a long recession of 
Lake Hrie. Niagara falls. 


NOTES ON THE STUDY OF LAKE WARREN. 


During an earlier post-glacial epoch than that of the Iro- 
quois beach all the Upper lakes were more or less united into 
one sheet of water, which I named Warren lake or water, after 
the late General G. K. Warren, who had first described the 
shrunken Lake Winnipeg in the Red River valley, which lake 
in justice should have been named after him.* The shores of 
Warren water were first studied on the Canadian side as well 
as in Michigan by myself, but since that time Mr. F. B. 
Taylor has given much attention to the subject.+ 

Earlier work had been done on fragments of this shore in 
Southern Michigan and Ohio, as the beach feature had been long 
recognized. But these were not correlated into the plane of a 
lake shore recognisable on both sides of the lake until my work 
appeared. 

The Ridge roads about Lake Erie were old recognized fea- 
tures like those in New York state. In 1885 Mr. G. K. Gilbert 


*<“The Iroquois beach ; a chapter in the Geological History of Lake 
Ontario,’ by J. W. Spencer. Trans. Roy. Soc., Canada, Vol. VII., Sec. IV., 
p. 122, 1889. Advanced abstract in Science, 1888. Although Gen. Warren had 
described the extended Lake Winnipeg and the channel connecting it with 
the Upper Mississippi, Dr. Warren Upham named it Glacial Lake Agassiz, 
against which both Prof. J. D. Dana and myself protested, as the 
honours of the discovery belonged to Gen. Warren, whilst Prof. Agassiz 
had nothing to do with it. This was following an’arbitrary rule ‘that dis- 
coveries should not be named after living authors,’ which certain people 
unjustly attempted to establish. However, Warren’s name attached to the 
Greater lakes is vindication. 

+ The Second Lake Algonquin, by F. B. Taylor, and Am. Geol., Vol. XV., 
1895, and other papers. 
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measured the deformation of some of the beaches at the eastern 
end of Lake Erie.{ The lowest of them he traced to Critten- 
den, N.Y., but this name he did not give to the beach. Sub- 
sequently, I extended this beach to near Batavia, and again 
Prof. Fairchilds took up the subject and mapped the old shore 
line some thirty-five miles beyond.§ He found it occurring 
as far as the Genesee valley, and fragmental equivalents of it 
to the head of Seneca lake. 

The deformation or tilting of the shore lines has an im- 
portant bearing on the physics of Niagara river. When the 
lake existed the sheet of water extended from Lake Huron 
high over Lake Erie into the Ontario basin. There were earlier 
stages of the lake when it formed higher beaches, but the most 
important of these though not the strongest, was the last of the 
series. After its Survey upon the Canadian side, and upon their 
correlation on both sides of the lake, I named the lowest shore 
line of Warren water, the Forest beach, as it had not been pre- 
viously worked out. (See map Plate xxxrv.) 


ELEVATION OF FOREST BEACH. 


Southeast of Lake Huron it is strongly marked near Forest, 
with its lowest point standing at 715 feet above the sea. I sur- 
veyed the beach eastward and parallel with Lake Erie, to the 
meridian of the western end of Lake Ontario, where it has an 
elevation of 770 feet. It then turns northeastward and rises 
still more rapidly. It frequently cuts across the spurs of drift 
ridges. The Niagara peninsula has too low an elevation for 
the occurrence of this beach except at one point. From twelve 
to fourteen miles west of the Niagara river, is Font hill, 
an unusual ridge of drift which attains an elevation of over 
300 feet above Lake Erie, rising out of a plain which is only 
thirty or forty feet above the lake. Around this hill is a 


t Science, Vol. VI., p. 222, 1885. P 

§‘Lake Warren Shore-lines in West N.Y.,’ by H. L. Fairchilds, Bull. 
Geol. Soc. Amer., Vol. VIII., pp. 269-286, 1897. 
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strongly cut terrace with a fine gravel floor at an altitude of 
793 feet above sea level (measured). Northward of Forest I 
surveyed the old shore line to the base of Indian peninsula 
where it bends eastward. In this direction it has no special 
bearing on Niagara falls. 

On the New York side’this beach is 680 feet in height (bar. ) 
at Madison, which is forty miles east of Cleveland. Here the 
elevation is 673 feet (bar.). The beach continues to increase 
in height toward the east, so that at Sheridan, N.Y., its eleva- 
tion is 773 feet (Gilbert) and at Crittenden 860 feet. Beyond 
this it rises to Indian falls and again slightly descends as it 
trends to the southeastward, as established by Prof. Fairchilds. 
Westward of Cleveland the tilting is reduced to a very small 
amount, as beyond Toledo its height is 653 feet. Again it rises 
very slowly west of St. Clair river, and on approaching the 
latitude of Port Huron its height is 665 feet (Spencer). 

However, here appears a strong eastern equivalent in the 
uplift, for near Forest, twenty-five miles across the former 
strait, its elevation is 715 feet above sea level. From this point 
the old shore line extends northeastward as shown on the map 
O04 RP 


A word may be repeated with regard to the survey of the 
beaches. Where they form bars or ridges, with depressions or 
lagoons behind them, I adopted the highest line of wave action, 
which would be from three to five feet above the water surface. 
This method was pursued on account of the erest being the 
most constant feature. On the other hand, where the waves 
were cutting terraces, the most accurate point determinable at 
the junction of the plain with the bluff behind would be below 
water level. The same is true where the beach is represented by 
sand plains. Consequently, when the shore line changes its 
character a personal equation appears. It was thus on the 


western side of the Huron strait, the measurement being low: 
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while on the eastern, where the ridge was strongly marked, it 


was slightly above the water plane.* 


TILTING OF LAND AT EASTERN END OF LAKE ERIB.™ 


The Forest beach has particular importance in connexion 
with Niagara, in showing that the earth movements about the 
western part of Lake Erie were very small, while the rise of 
land at the eastern end of the lake was considerable. Between 
Madison, Font hill (Brown’s nurseries), and Sheridan, the 
average rise in this large triangle is almost one foot per mile 
in direction N. 45° E. If the more eastern triangle between 
Font hill, Sheridan, and Crittenden be taken, and this em- 
braces the outlet of Erie, the average rise.is one and a half feet 
per mile in direction N. 60° E. As already noted (page 283), 
the deformation at the western end of Lake Ontario is two 
feet per mile N. 25° E., as recorded in the warping of the 
Iroquois beach. Slightly greater movements are shown in 
higher beaches. 


From these measurements on the Forest beach it is found 
that there has been a rise in the Niagara district of 135 feet 
more than southwestward at Madison. With this deformation 
straightened out, Lake Erie was reduced to a small lakelet. 
(See page 296.) 

This former tilting of the Niagara district would suggest 
the continuance of the movement so that it might be supposed 
that the Niagara river would be raised to a higher point, which 
would send the waters into the Mississippi. But from the 
present survey it is found that the stability of the region now 
prevails (see Chapter xxx.), without any indication of the 


direction which recurring movements may take. 


* High level shores in ‘the region of the Great lakes, and their Deforma- 
tion, by J. W. Spencer. Am. Jour. Sci., Vol. XLI., pp. 201-211, 1891. 
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ELEVATION OF FOREST-~PLANE ABOVE THE IROQUOIS. 


In the earth movements that have occurred the general 
direction is northeastward, but there are local variations as the 
rise is always increasing toward the northeast; so that, by 
adopting different triangles for the determination of the mean 
rise in each, variation will be found. Combining the deforma- 
tion recorded in the Forest beach at the eastern end of Lake 
Erie with the mean rise in the western triangle of Lake 
Ontario, a corrected determination shows that the plane of the 
Forest beach was between 400 and 450 feet above that of the 
Iroquois beach; but it is probable (see Chapter xxx.), that the 
deformation of both planes occurred at the same time, subse- 
quent to Lake Ontario falling below the Iroquois level. 


WARPING AFTER A LONG RECESSION OF NIAGARA FALLS. 


The deformation of the Forest plane did not take place to 
any considerable amount until the time when the Iroquois 
plane of Lake Ontario became warped; consequently the warp- 
ing affecting the Niagara district did not oceur until Niagara 


falls were very old. (See Chapter xxx.) 


CHAPTER XXIV. 


SEPARATION OF ERIE AND HURON ON THE DISMEM- 
BERMENT OF WARREN WATER—SHRINKAGE 
OF LAKE ERIE. 


Dismemberment of Warren water. Original discovery of the diversion 
Separation of Huron and Erie drain- of the Huron drainage. 
age Shrinkage of Lake Hrie. 


DISMEMBERMENT OF WARREN WATER—SEPARATION OF HURON 
AND ERIE DRAINAGE. 


In the last chapter different shore lines extending about the 
Upper lakes were mentioned, showing that open water extended 
from Lake Huron to the Ontario basin. As the waters were 
lowered the successive beaches appeared—the Forest shore 
being the last or lowest one extending from the Huron basin to 
the Ontario drainage area. But at last the waters withdrew 
from even this lowest beach, below the level of the present higher 
land belt between Lake Huron and Lake Hrie—the immediate 
result being the formation of three lakes, one including more 
or less of the basins of Huron, Michigan, and Superior, a small 
Lake Erie, and the Ontario water at substantially the same 
height as the shrunken Erie. ‘The united upper three lakes I 
named the Algonquin. That it was separated from Lake Hrie 
was shown by my survey of the Algonquin beach, which proved 
that the waters of this upper lake had a northeastern outlet in 
place of the present southern one into the St. Clair river. So 
far as Niagara falls is concerned it established the fact that 
throughout long ages they received only the Erie waters and 


thus were of small volume. 
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ORIGINAL DISCOVERY OF DIVERSION OF HURON DRAINAGE. 


The first announcement of this diversion was made by the 
present writer before the Cleveland meeting of the American 
Association for the Advancement of Science, in 1888, with a 
short abstract in the proceedings for that year.* 

This abstract of my survey (then just made) of the raised 
shore lines, extending for hundreds of miles from the outlet 
of Lake Huron, throughout their windings to the northeast, 
formed the caveat of my discovery that the Niagara river only 
recently received the drainage of the higher lakes; and on 
account of its importance in establishing priority it is repro- 
duced in Appendix vu. In it this statement appears: ‘ Lake 
Warren became dismembered, and Huron, Michigan, and 
Superior formed one lake; the Erie basin was lifted out of 


the bed of Lake Warren and became drained . . . the outlet 
of the upper lake was southeast of Georgian bay . . . with 
the continued continental uplift to the northeast . . . the 


waters were backed southward and overflowed into the Erie 
basin, thus making the Erie outlet of the Upper lakes of recent 
date, This is proven by the fact that the beach which marked 
the old surface plane of the upper Great lake descends to the 
present water level at the southern end of Lake Huron. The 
Erie basin is very shallow and upon the dismemberment of 
Lake Warren was drained by the newly constructed Niagara 
river (except perhaps a small lakelet southeast of Long point). 
Subsequently the northeastern warping . . . eventually lifted 
up a rocky barrier . . . thus making the Erie the youngest 
of all the lakes’ (page 188-9). 

This announcement immediately attracted the attention of 
Mr. G. K. Gilbert, with whom I discussed the matter freely in 
further detail, mentioning positions and heights of the Algon- 
quin beach at various points. 


j 6th Rept, Commis. State Res. Niag., p. 71-73, for 1890. 
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Upon this data, in advance of my detailed paper and maps, 
he presented an essay the following year wherein my recent 
discoveries formed the prominent feature. Alluding to the 
diversion of the Huron drainage from the Niagara river, he 
begins thus: ‘To illustrate the effects of the earlier system of 
land slopes upon the distribution of water in the region of the 
Great lakes I have constructed the map in Plate4 . . . In 
the ancient system of drainage Georgian bay instead of being 
a dependency of Lake Huron is itself the principal lake receiy- 
ing the overflow from Huron. Superior, Michigan, Huron, 
and Georgian constitute a lake system by themselves, indepen- 
dent of Erie and Ontario, and the channel of the Detroit river 
is dry. Lake Erie and Lake Ontario, both greatly reduced in 
size, constitute another chain, but their connecting link, the 
Niagara river, is comparatively a small stream.’ 

Even in his full statement there is no mention of data for 
his hypothesis of the diversion of the Huron drainage from Lake 
Erie, but farther on he says that I stated that there was another 
outlet (Trent) for the Huron basin, ‘ demonstrating that during 
the existence of that outlet also the Detroit river ran dry.’ 
Thus this subsequent reference (with ‘ also’) appears as a col- 
lateral hypothesis, and not as the original data, which it was, 
of the diversion of Huron drainage and small Erie lake. This 
method of presenting the main discovery of the former diver- 
sion of the Huron waters, the greatest by far that has been made 
affecting the Niagara river, could not fail to leave the impres- 
sion that it belonged to him, especially as he has since fre- 
quently referred to it without even any mention of the author. 
Furthermore, for his Plate 5, showing the Trent outlet, he had 
my own unpublished measurements without his statement of the 
fact, but the citation of my own abstract establishes the priority 
of discovery in 1888. 

The great importance of the diversion of the Huron drain- 
age lies in the fact that it enormously increased the longevity 
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of Niagara falls, hitherto unsuspected. It also removes the 
possibility of an enlarged volume in the river from a melting 
ice sheet on the Canadian highlands, as Dr. Gilbert had 
formerly supposed. 

Other beaches were also found requiring a lower outlet than 
the one hy the Trent valley. This was provided for by the 
Nipissing trench. Along this former outlet of Lake Huron 
the Indians frequented it as highway, and led the early French 
explorers from the Ottawa river, by way of Trout lake over 
the low divide only three miles across to Lake Nipissing, and 
thence down the French river to Lake Huron. Indeed, as early 
as 1615, Champlain followed this route, returning with the 
Hurons, by way of the Algonquin overflow past Lake Simcoe 
and Balsam lake and down the Trent river. While the 
Nipissing outlet was mentioned theoretically by Dr. Gilbert, 
after my discovery of the northeastern diversion of the Huron 
drainage from the Erie basin, Prof. G. F. Wright* was the first 
to observe definite traces of the shore lines in connexion with 
it, though earlier explorations of Dr. R. Bell showed the oceur- 
rence of beaches there. These have since been further explored 
by Mr. F. B. Taylor, who has established more fully the Nipis- 
sing outlet by direct observation.+ As to the point, to which I 
found that the falls had receded before the addition of the 


Iiuron drainage, see page 194. 


SHRINKAGE OF LAKE ERIE. 


Upon the dismemberment of Warren water a barrier existed 
between Lake Huron and the head of Lake Erie. As the land 
was not yet tilted toward the northeast, the eastern end of Lake 
Erie basin was much lower, so that the present outlet at Buffalo 
s ood relatively 150 feet below the level at the western end of 


the lake. Accordingly, Erie was drained except a small basin 


Bulle Geols SOC mV Olive Dera ae=pelisoge 
t Bull. Geol. Soc. Am., Vol. V., pp. 620-6, 1894. 
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of 1,000 to 1,500 miles in area, in place of 10,000 square miles 
as to-day. or the relative size of Lake Erie see map p. 300, 
Plate xxxtv. The evaporation from the water surface would 
be reduced on account of the small area of the lake compared 
with that of the present time, as only a river and tributaries 
traversed the now filled lake basin. The area of Erie has sub- 
sequently been increased owing to the tilting of the land which 


has caused the backing of the waters. 


. 


CHAPTER XXV. 


NORTHEASTERN OUTLET OF ALGONQUIN LAKE 
(THE THREE UPPER LAKES), 


Northeastern Huron drainage and Amount of tilting shown in beach. 
diversion from Niagara. Barrier to Algonquin lake. 
Northeastern rise of Algonquin 
beach. 


NORTHEASTERN HURON DRAINAGE AND DIVERSION FROM NIAGARA 
RIVER. 

The barrier between the Huron and Erie basins will be 
described in the next chapter. I surveyed the winding Algon- 
quin beach for hundreds of miles in 1887-88. It was formed 
after Huron had shrunk into its own basin and its level was 
too low for the lake to overflow the St. Clair divide. In this 
beach was the first suggestion that the Huron drainage had 
formerly been diverted by a northeastern overflow from Nia- 


gara falls as mentioned in Chapter xxrv. 


NORTHEASTERN RISE OF ALGONQUIN BEACH. 


At Grand Bend, on Ausable river, a few miles east of the 
present outlet of Lake Huron, the height of Algonquin beach 
is eighteen feet above the lake. Fourteen miles farther on it is 
thirty-six feet high, at Southampton 132 feet. Beyond it skirts 
the Indian peninsula, which was then a chain of islands on 
which the beach is preserved. This raised shore was surveyed 
at Owen Sound on Georgian bay, and has a height of 167 feet. 
At Clarksburg it is 191 feet. Four miles west of Collingwood 
its height is 187 feet; near Caldwell 170 feet. Again the beach 
turns northward, approaching nearer the shore of Georgian bay 


at Elmsvale, 220 feet; and east of Wyebridge its elevation is 
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260 feet. Swinging round a high drift ridge southward, to 
Orillia, it circles the basin of Lake Simcoe, eastward of which 
the height attained is 293 feet above Lake Huron. Between this 
place and Balsam lake the old shore line indicates a former out- 
let with the water at one time twenty-six feet deep. These 
details are taken from my paper on ‘ The Deformation of the 
Algonquin beach and Birth of Lake Huron.’ * 

The Algonquin beach is often broken up into ridgelets 
throughout a range of twenty-eight feet in height, so that the 
overflow of Balsam lake would not account for the occurrence 
of the lower beachlets. This raised shore line is shown on map 
Plate xxxv. There are also lower beaches and terraces much 
below the Algonquin plain and Balsam lake outlet, such as 
those at Clarksburg from eighty-one feet above the lake to 
lower levels. 

Remnants of the Algonquin beach in the broken country 
to the north are difficult of recognition, while the Nipissing 
beach of Mr. Taylor passes below the lake level at a considerable 
distance from the southern end of Lake Huron. For this beach 
on the western side of the lake reference must be made to Mr. 
Taylor’s papers. Northward of my farthest surveyed point 
Mr. Taylor carried his observations confirming the occurrence 
of the shore line.+ 

The Algonquin beach les in the region of Lake Nipissing 
at_a theoretical altitude of 600 feet above Lake Huron. Here 
Mr. Taylor found the highest and best developed beach at 
558 feet, overlooking the divide, between Lake Nipissing and 


the Ottawa river, which is 112 feet above Lake Huron. 


AMOUNT OF TILTING SHOWN IN THE BREACH. 


From this survey it was found that the Algonquin beach is 
now tilted and rising from the southern end of Lake Huron 


from one and one-third, increasing to two feet or more per mile 


SAMeT a JOUR OM Sci., cited before. 
7 ‘Second Lake Algonquin,’ Amer. Geol., Vol. XV., 1895, and other papers. 
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PLaAtTe XX XV. 


LAKE HURON 
(581.37 feet above the sea) 
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Map of Algonquin and Nipissing beaches and northeastern outlet of the 
Huron drainage.”* 


* Height of lakes here given refer to mean of 1860-1905, including that 
before lowering of outlets. 
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on proceeding northward. After skirting Georgian bay the rise 
is found to be three feet per mile in a direction N. 20° E., and 
farther on it is 4-1 feet per mile N. 25° E. The deformation 
will be further considered when discussing the Nipissing out- 
let. In the lower beaches a smaller amount of tilting was 
found. 

The great valley in which Lake Nipissing lies is much 
lower than the temporary overflow by way of Balsam lake and 
Trent valley. Below the Iroquois plain fragments of the lower 
shore lines have been observed. In 1891 I stated that ‘ with 
the continued original uplift, the waters of the Algonquin were 
lowered as shown by numerous beaches, until the lake was dis- 
membered and Superior, Michigan, Huron, and Georgia had 
their birth and drained through the last at the level of Nipis- 
sing outlet only, by a river flowing through the Ottawa valley.’ 
But the direct observations were not established until made by 
Prof. Wright and more fully by Mr. Taylor, who connected a 
lower beach with the Nipissing overflow.* 

It may be said that if all the warping shown in the various 
lake basins were levelled off, the region would be much lower 
than now. On the other hand, if glacial conditions were due to 
increased altitude the continental region would have been 


relatively high. 
BARRIER TO ALGONQUIN LAKE. 


Such being the case, the question arises what held the waters 
at the higher level of the Algonquin plane? Some thought 
there was a glacial dam. My working hypothesis was sea level. 
Mr. Taylor was led to consider the Nipissing depression as 


-* The neione Rirait a Niniceine: Bur Geol. Soc. Am., Vol., v., 1893. 


Of Mr. Taylor’s papers see ‘ Ancient Strait of Nipissing,’ Ib. vol. i pps 
621-626, 1908. ‘The Limit of Pre-glacial Submergence in the Highlands east 
of Georgian bay,’ Am. Geol., vol. xiv., pp. 278-289, 1894. ‘Second Algonquin 
and Nipissing beaches,’ Ib. vol. xvii., pp. 897-400,1896. ‘The Nipissing and 
and Mattawa rivers, the Outlet of the "Nipissing Great lakes,’ Ib. vol. xx., pp. 
65-66, 1897. 

Prof. Wright’s paper was cited in the previous chapter. See Bull. Geol. 
Am., vol. iv., pp. 423-425, 1898. 
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being a strait, though later he thought that a glacial dam ob- 
tained at a point beyond his observations. 


At the southern end of Lake Huron beaches rise to twenty- 
five feet, which might be considered as the continuation of the 
Algonquin shore line, but this may include constructional 
planes of the rising waters of the lake. The Algonquin 
beach skirts the end of the lake and does not turn into the 
St. Clair river, which cuts directly crosswise of it. East 
of the river the shore line is often characterized by sand 
dunes, but the ridge, reaching to a height of eighteen feet above 
the lake, or eight feet above the ground either side, forms a 
spit which at one time separated a lagoon from the river. (See 
next chapter. ) 
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CHAPTER XXVI. 


HEAD OF THE ST. CLAIR TRIBUTARIES OF 
ALGONQUIN LAKE. 


Terraces about Lake St. Clair. Head of St. Clair tributaries. 
ike a drift about the St. Clair Date of drowned St. Clair valley. 
outlet. 


TERRACES ABOUT LAKE ST. CLAIR. 


On examining the banks of the river and the shores of Lake 
St. Clair low terraces and sand plains, with some gravel ridges, 
occur to heights .of ten to fifteen feet or more above Lake 
Huron. These are cut out of drift material prevailing every- 
where to a great depth. Southward of the lake, at a distance 
of fourteen miles, before reaching Marine city, the higher 
watershed of the country approaches the river with a height of 
forty-five or fifty feet above the lake. Here the St. Clair river 
has its minimum breadth and adjacent to it is a cut terrace or 
raised bottom thirty-five feet (bar.) above the water, with 
the banks rising ten or fifteen feet higher. This point is fifteen 
to sixteen miles from Lake Huron. A terrace on the western 
side is from 100 to 300 feet wide, but less conspicuous on the 
eastern side. It occurs for a length of over a mile. 

That this was a barrier when the waters of Lake Warren 
were settling into the Erie and Huron basins there seems no 
doubt but the streams, afterwards descending rapidly to the 
north robbed the opposite drainage so that the real divide crept 


southward to the present surface of Lake St. Clair. 


DEPTH OF DRIFT ABOUT THE ST. CLAIR OUTLET. 


At the Fibre Works in Port Huron a well showed washed 


lake sand to a depth of seventy-cight feet, below which occurred 
20 305 


Ie % 
306 FALLS OF NIAGARA BEERS SS 


blue clay twenty-four feet, rounded gravel five feet, clay with 
glaciated stones eighty feet, or 187 feet in all, reaching to a 
point 162 feet below lake level. This character is repeated on 
the eastern side of the river; and at a point eight miles distant 
a well was sunk to 160 feet before reaching rock. This 
represents a depth of 130 feet below lake level. 
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ST. CLAIR RIVER 
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Fig. 26. Map.of the head branches of the drowned pt. Clair river, 
establishing a separation of the Huron and Erie drainage and former 
northern discharge of the Huron waters. 


HEAD OF ST. CLAIR TRIBUTARIES. 


The soundings of Lake St. Clair and the channels among 
the St. Clair flats proved exceedingly interesting. On observ- 
ing the chart the first impression produced is what appears to 
be a delta as the St. Clair river enters the lake. However, the 
river carries no sediment except the washes of its own banks. 
The apparent delta is low ground shading off into marshes, but 
among these marshes, with a depth of one to five feet through 
the flats barely rising above the surface of the water, the 
channels are found to have a great depth, reaching to forty, 
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sixty, seventy-two, and even ninety feet below lake surface. 
These channels appear in several branches, converging and en- 
larging as they approach the trunk which now forms St. Clair 
river, near the village of Algonac, see Figure 26. 

The occurrence of this system of drainage heading in the 
shallow waters of Lake St. Clair, and reaching to a depth of 
ninety feet, establishes conclusively that the St. Clair river 
lately drained to the northeast through a very deep channel, 
at least more than ninety feet below the level of Lake Huron, 
as did also the tributaries from an amphitheatre at its head. 
At that time the waters of Lake Huron receded somewhat be- 
yond the line of Kettle point, or seventeen miles north of Point 
Edward. Of itself this reversed drainage system would have 
established the former northeastern outlet of the lake, with a 
plane about 110 feet below the Algonquin beach, had it not 
been previously proved by lower beaches of the Huron basin. 

Within two or three miles of the head of the drowned St. 
Clair, the lake has nowhere a depth of more than seventeen feet, 
but beyond the contours show a drainage southward into the 
Detroit river, even before reaching the river itself. 

The drowned St. Clair has been partly refilled by the 
deposit of current-worn sand; and it can only be supposed that 
the Jake sand shown at the Fibre Works is the refilling of the 
channel as the lake waves were building up the flats on the 
return of the waters of Lake Huron when they overflowed into 
Lake Erie. 


DATE OF THE DROWNED ST. CLAIR VALLEY. 


These channels of the drowned St. Clair were a late post- 
glacial feature formed after the dismembering of Lake Warren, 
after the shrinkage of the Huron waters from the Algonquin 
plane, but before the tilting of the Nipissing outlet which 
turned the Huron drainage into Lake Erie and the Niagara 


river. This new observation is interesting evidence showing 
20% 
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how recently it is since Lake Erie was receiving the waters 
of the Upper lakes. 

In this chapter an important observation of Mr. Taylor’s 
was almost overlooked.* He had found that several streams 
tributary to both the river and the Lake Saint Clair showed 
clearly the drowning effects, and that their channels were 
formed while the river was a tributary of the shrunken Huron 
lake. Now they have a depth of ten feet or more and are 
navigable to some distance above their mouth. He concluded 
that the channels were cut when the base level was twenty-five 
to thirty feet below the present, and that they were drowned 
upon the diversion of the Huron waters to the south. This 
confirmed the idea of the northeastern outlet of the Huron 
basin. 

These tributaries observed by Mr. Taylor are not the ones 
brought forward by the writer, which now head beneath the 
surface of Lake Saint Clair coming from the amphitheatre at 
the watershed between the then Huron and Erie basins, show- 
ing a much greater depth than he found. The principle in- 
volved is the same. 


* Proc. Am. Ass. Ad. Sci., Vol. XLVI., p. 202, 1897. 


CHAPTER XXVII. 


AUGMENTATION OF NIAGARA DISCHARGE BY ACCESSION 
OF ALGONQUIN WATERS—THAT IS 
HURON DRAINAGE. 


Nipissing—Ottawa outlet. 


Amount of terrestrial tilting and addition of Huron waters to Lake Brie. 
Origin of Lake St. Clair. 


NIPISSING—OTTAWA OUTLET. 


In the surveys of the high level shores about Lake Huron, 
beaches at lower levels than the Algonquin were found at many 
points. These necessitated a lower outlet than that of the Al- 
gonquin shore line. In the original surveys I did not anticipate 
beyond the points actually observed; nor had at that time any 
data been found directly connecting the beaches with the well- 
known Nipissing depression. But it was self-evident that a 
lower outlet in that direction was needed. 

Trout lake on the present Ottawa drainage is only three 
miles from Lake Nipissing, and at its head, on the northern 
side, is a strongly marked terrace covered with a boulder pave- 
ment fifty to sixty-five feet above it (eighty-five feet above Lake 
Nipissing’), this being above the divide by twenty feet or more. 

In this direction Mr. Taylor has made the fullest explora- 
tions. He has connected this shore with the occurrence of beaches 
farther south,* and has appropriately named it the Nipissing 
beach. It was only this which was needed to explain the 
outlet of the lake during the epoch of low shore-lines. The Nip- 


issing strand is now from 162 to 175 feet (the inner margin) 


* Bull. Geol. Soc. cited before. 
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above Lake Huron. Between this and the higher shore line 
t 558 feet Mr. Taylor} found remains of other shore lines, but 
it is the Nipissing beach which is the most important feature. 

Only after the floor of the channel had been raised was 
the last drainage to the northeast entirely closed. During 
the time of the Nipissing plane the waters of Lake Huron were 
very much withdrawn from the southern end of the lake, see 
Plate xxxv. In the last chapter the depths of the then tribu- 
taries have been shown to have reached ninety feet or more 


below the present lake surface. 


AMOUNT OF TERRESTRIAL TILTING—-ADDITION OF HURON WATERS 
TO LAKE ERIE. 


The floor of the Nipissing-Ottawa outlet rises to 112 feet 
above the lake. However, there are some narrow stream valleys 
crossing the divide which are only ninety-seven feet above Lake 
Huron (A. St. Laurent). The amount of tilting since the 
Algonquin waters were at the Nipissing plane amounts to some- 
what more than 112 feet and fifty feet, the height of the beach, 
to which must be added ninety feet, or to whatever additional 
depth the Nipissing beach at the southern end of Lake Huron is 
submerged,—in all about 250 feet, to determine the tilting since 
the Nipissing episode. But of this amount a warping of only 
112 feet less about 22 feet for the now trenched St. Clair barrier 
was required to turn the Algonquin waters from the Huron 
basin into Lake Erie. 

At the time when the waters of the Huron basin were 
withdrawn so far from the St. Clair divide, Lake Erie, repre- 
sented by only a small sheet of water, was at a plane of about 
150 feet be!ow the present St. Clair level. 

The period of the northeastern drainage of the Huron basin 
was one of long duration, as shown both by the strength of the 
Nipissing shore line and the depth of the St. Clair drainage 


{ ‘The Nipiesine wiralee cited before, 


Ce red ORIGIN OF LAKE ST. CLAIR 311 
valleys. The story of the recession of Niagara falls confirms 
this, and here a computation may be made of the date when 
the rim of the basin near Lake Nipissing rose so high as to 
send the Huron waters over the St. Clair divide into the Erie 
basin. 

I regard the date of the warping of the earth’s crust which 
raised the Nipissing rim to have been substantially synchronous 
with the rise of the land at the outlet of Lake Erie, which caus- 
ed the backing of the waters to the extent of the present lake. 


ORIGIN OF LAKE ST. CLAIR. 


This shallow lake excavated out of drift material may be 
regarded as the lowered col between the drowned St. Clair and 
Detroit rivers, where the atmospheric agents had produced a 
shallow amphitheatre at the head of both streams. Subse- 
quently, upon this district being flooded, Lake St. Clair was 
produced, though modified by its own lake waves acting upon 
the low shore. 


}} 


of 


tiers 


oor 


CHAPTER XXVIII. 


RECENT CHICAGO OVERFLOW. 


Old beaches about Saginaw bay show the tilting of the de- 
serted shore lines. West of Port Huron I have found the height 
of the Forest beach to be 665 feet; northwestward at Verona 
Mills Mr. Taylor’s measurement is 765 feet; and at Elsie 
southward 770 feet; and reduced to approximately 680 at 
Maple Rapids. This was near the Pewamo col to the southern 
part of the Michigan basin, and it would permit of the exist- 
ence of a moderate amount of warping between this point and 
the Chicago outlet, with the suggestion that the Algonquin 
plane should pass below the water surface at the southern end of 
Lake Michigan. But the relationship of these old tilted shore 
lines, and those more recent about the head of Lake Erie, has 
not been fully determined; so that it is not possible to state 
precisely what overflow has occurred into the Mississippi valley 
from the Algonquin basin. Some years ago I suggested a tem- 
porary overflow of part of the Niagara drainage. 

Dr. Edmund Andrews,+ and later Mr. Frank Leverett,* 
have made contributions on the Chicago outlet. Omitting the 
height of the upper Michigan beach, which has an elevation at 
Homewood of seventy-four feet above the lake, and of lower 
ones, though of the higher series, there is a lower beach. Here 
the channel did not exceed seven feet in depth according to Mr. 
Leverett, the divide being eight feet above the lake. Beneath 
this level of eight feet there are lake sands superimposed upon 


* Trans. Chicago Acad. Sei., Vol. I1., pp. 1-23, 1870. 
* Bull. Chicago Acad. Sci.; Geol. and Nat. Hist. Survey, No. 11, 1897. 
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drift, showing the higher lake stages. Again, in part, the sum- 
mit is marshy with beaches at ten to twelve feet. Mr. Leverett 
says that these shore lines ‘seem to have been formed after the 
southeastern outlet of the lake was abandoned’ (p. 74). And 
again he says: ‘These beaches are to be referred to the action 
of the present lake’ (p. 78). 

This manifestly recent lake level of Michigan can only be 
accounted for by the superior height of the Saint Clair outlet. 
The position of the Chicago outlet is shown in Figure 27, from 
a map furnished some time ago by Dr. Andrews. 
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_ Fig. 27. Map of the low summit between Chicago creek and_ Des Plaines 
river which is only eight feet above the lake, with a trough a mile wide. 


A counterpart of this condition is seen about Lake St. Clair 
where there are sand plains cr, in one case, a gravel ridge rising 
to twelve or fifteen feet above Lake Huron. The St. Clair has 
lately been lowered 1:66 feet by the scour of the incoherent 
materials of its bed, so it can hardly be doubted that at a very 
late date, there may have been a shallow temporary overflow in 
the direction of the Mississippi, as previously suggested. 
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The Chicago outlet has often been associated with earlier 
glacial conditions. Be this as it may, the recent investigations 
point to a subsequent temporary overflow in that direction; 
possibly to the extent of the channel which Mr. Leverett thinks 
had a depth of seven feet. 

This relationship between the Chicago and St. Clair outlets 
now throws hght on the lake history, and the contraction 
of the gorge, which at the Whirlpool rapids, is due to a partial 
diversion of the lake waters over the Chicago divide. The hypo- 
thesis of the future diversion of the Niagara to the Missis- 
sippi, with the submergence of Chicago, will have to be aban- 
doned as there has been discovered a cessation of earth move- 
ments (Chapter xxx1.) which would bring about such a change; 
and in the course of some centuries, upon Niagara falls retreat- 
ing a half mile or a little more, the channel of the river will be 
rapidly deepened in the drift of the basin above the falls. This 
will further postpone such a western diversion, if the future 
tilting of the land should occur. 


CHAPTER XXIX. 


ST. LAWRENCE CHANNEL WITHOUT HURON DRAINAGE 


Smaller channel of St. Lawrence. 
Terrestrial deformation shown in the rapids. 
Ancient Niagara and present Ottawa rivers compared. 


SMALLER CHANNEL OF THE ST. LAWRENCE. 


The history of Niagara river is only the expression of that 
of the lake region in all its complicated parts. The investiga- 
tion of one feature imperceptibly leads us afield until we pass 
the boundaries of our original topic; thus it is here. But the 
new observations react and more fully explain the phenomena. 
The tributaries of the reversed St. Clair confirm the proof of the 
former northern outlet of Lake Huron, with the diversion of the 
Upper Lake waters from the Niagara river. On the other side, 
the St. Lawrence river itself furnishes proof of its correspond- 
ingly small channel before Lake Huron was turned into the 
Niagara river. 

An investigation of the St. Lawrence would doubtless bring 
to ight much new interesting material, but only one or two 
points will here be touched upon. From the outlet of Lake 
Ontario to the foot of the rapids at Cornwall the direct distance 
is 110 miles. Then the river broadens out into an expansion 
from two and a half to four miles wide, extending as far as 
Valleyfield, a distance of thirty-three miles. This is called 
Lake St. Francis. There is a small descent from the foot of 
Lock No. 15 to the lake, and again from the lake to the head of 


Lock No. 14, at Valleyfield. These, together with the slope (‘%) 
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in the lake amount to about three feet. Throughout the wider 
part of the lake but little of this descent can obtain, and con- 
sequently the current is very much reduced. 


Cornwall is below the foot of rapids, extending from which 
into the lake is a narrow deep channel, having a breadth of 
three-eighths of a mile in places, with a depth of sixty-seven 
feet. The channel is bounded by broad flats submerged to ten 
feet. The river-like character of this channel is. unquestion- 
ably shown for twenty miles, beyond which the lake has been 
sounded at only a few points. As the older channel is filled 
to overflowing its size is not sufficient for the present St. Law- 
rence. On the other hand, the sharply defined banks of this 
channel, with a great depth, show that it was made by a stream 
with a strong current, though now bars obstruct it at places. 


Two things become apparent. First, the channel was made 
by a smaller river; and secondly, this reach of the river has 
subsequently been filled to overflowing. The flooding of the 
river banks might occur from a rising barrier at the outlet 
of the lake, but the trench is too small for the river of the 
present capacity. The small inner channel is excavated 
more or less out of drift material, at the foot of rapids 
descending over a rocky bed. It is such a one as should be ex- 
pected when Lake Huron emptied by way of the Nipissing and 
the Ottawa in place of by the Niagara and the St. Lawrence. A 
few miles below Valleyfield, the river again widens out into 
Lake St. Louis, in which the features of the drowned channel 
are repeated. These channels now mentioned in this connexion 
confirm the diversion of the upper lake waters from the Nia- 
gara in a manner gratifying to one who first discovered these 
changes in the physics of the river. 

I have also found that a small channel at the outlet of 
Lake Erie obtained, which has recently become flooded in the 
same manner as the plains of Lake St. Francis. Thus there is 
everywhere proof of the change of drainage. 
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TERRESTRIAL DEFORMATION SHOWN IN THE RAPIDS. 


The depth of the St. Francis channel, compared with that 
of the rapids below, indicates that it could not have been 
formed after the barrier to the lake had obtained its pre- 
sent height, or that the valley of the lake was flooded, by merely 
the increased volume of the St. Lawrence, without either a 
raised barrier, or a diversion from the course of the pre-glacial 
drainage. 

Upon the side of the Adirondack mountains the deltas 
show an extension of the Iroquois plane with a mean rise 
of about six feet per mile, along a line nearly parallel with the 
St. Lawrence. How much of the rocky barrier at Valleyfield 
has been raised to blockade the lake has not been determined; 
but a small proportion of the movement since the Iroquois 
epoch would be sufficient to drown this deeper channel flooded 
by the increased volume of the St. Lawrence river. 

At the Galops rapids the rocky floor of the channel is from 
ten to thirteen feet below the surface of the river; yet above 
the rapids the river has a depth of seventy-five feet. So, also, 
the rocks at intermediate rapids are found to obstruct deeper 
parts of the channel above them. Here I am simply calling 
attention to these phenomena which are worthy of the same 
detailed study as has been made on Niagara river. 

While various questions arise from such a structure these 
barriers show a recent elevation of the earth’s crust in this 
region. The proof of the elevation has been established along 
the Adirondacks to the south, but direct evidence adjacent to 
the St. Lawrence has not been previously suggested. Accord- 
ingly, the former assumption of the continuation of the defor- 
mation to the St. Lawrence river is sustained, though the pre- 
cise amount has not yet been actually measured at this locality. 

A few miles below Lake St. Francis, the Ottawa river joins 
the St. Lawrence, forming Lake St. Louis. It was down the 
Ottawa that the northern drainage of Huron came. While it is 
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interesting to observe the characteristics of the former and in- 
ferior St. Lawrence river compared with those of the present, it 
might be equally so to observe the relationship of the present 
shrunken Ottawa with its recently greater channel which 


received the Upper Lake waters. 


ANCIENT NIAGARA AND PRESENT OTTAWA RIVERS COMPARED. 


The basin of the Ottawa river has an area of 56,700 square 
miles, while the Erie basin has 40,000. The Ottawa rainfall is 
supposed to be less than the Erie, being given at between thirty 
and thirty-five inches a year; but much of this country is under- 
laid by rock surfaces, not to speak of the wooded character, so 
that the rainfall, which runs off, is relatively large. The fluctu- 
ations of the Ottawa are liable to great extremes* not occurring 
at the Niagara, yet in the mean stages of the former river may 
be seen to-day a stream a little larger than the Erie stage of 
the Niagara. On the other hand the Ottawa river, at that time 
was as large or somewhat larger than the present St. Lawrence 
above its union with the modern Ottawa. 


* In 1870, the extreme high water at Sainte Anne was 86,500 cubic feet per 
second ; ordinary high water, 41,400 cubic feet; very low water, 1906, 5,820 
cubie feet. (A. St. Laurent.) 


CHAPTER XXX. 


TIME OF WARPING OR TILTING OF LAKE REGION. 


Post-Iroquois warping shown in Effects of post-Iroquvis uplift on 
ee beach. Niagara river. 

ost-Iroquois warpi i iagar ; 

eee. } SS EE ISU Chicago overflow. 
Warping of Algonquin beach. Cause of earth moyvements—Fisher’s 
Tilting of Nipissing beach affecting theory. 


Niagara falls. 


POST-IROQUOIS WARPING SHOWN IN THAT BEACH. 


The Iroquois beach is directly connected with the history of 
Niagara falls.. From the head of Lake Ontario to Prospect 
farm, east of Watertown (see map Plate xxxim.) is a direct 
distance of 206 miles with a rise of 367 feet; or, to Trenton, 
125 miles, the rise is 270 feet. At the eastern end of this dis- 
trict the rise is more than five feet per mile; beyond these points 
deltas of rivers show the extension of the Iroquois plane, on the 
northern side of the Adirondacks to a point 245 miles from the 
head of the lake, having been uplifted by 609 feet. There are 
terraces in the higher valleys which I have observed, but not 
written upon, and they may throw more light upon the pheno- 
mena in this region. However, the limitation of the Iroquois 
plane, whether formerly blocked by ice or not, is unknown. 

As shown long ago the component beachlets diverge more 
towards the east and north than in the opposite direction, show- 
ing a greater amplitude of movement between the intermediate 
pauses than at the west. So, also, the warping is more exag- 
gerated in the older beaches than in the newer and lower ones. 
This shows a decadence in earth movements. The great extent 


of the Iroquois shore line, which was a water level, proves that 
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it could only have been disturbed after its completion, and no 
glaciers could have occupied the lake basin while the beaches 
an epoch of repose lasting for a long time. 


were being formed 


PQST-IROQUOIS WARPING IN NIAGARA DISTRICT. 


At the head of Lake Ontario, including the Niagara district 
adjacent to it, the tilting movement amounts to two feet per 
mile. On the southern side of the Niagara district the Forest 
plane has been warped to the extent of a foot and a half. A 
higher beach indicates a slightly greater uplift. But farther 
westward and round the head of Lake Erie the differential 
movements have been small. The tilting about the head of 
Lake Ontario is in such close accord with that at the eastern 
end of Lake Erie that it is seen to be one continuous feature. 

The conclusion, therefore, is that almost the entire amount 
of deformation shown in the Forest beach occurred after the 
construction of the Iroquois, and at the same time that the 
latter beach was uplifted. Had the earth movements been 
uniform and not intermittent these strong and distinct beach 
lines would not have been formed. 


WARPING OF ALGONQUIN BEACH. 


The Algonquin beach was formed subsequently to the 
Forest, but it cannot be asserted that it was synchronous with 
the Iroquois. As in the Ontario basin considerable time must 
have elapsed during the construction of the Bell and other 
terraces. The Algonquin beach was, however, confined to a 
separate lake basin, where different conditions as to outlet 
formerly prevailed; but, like the Iroquois, the Algonquin plane 
was several hundred feet above the lowest rim of its basin in the 
Nipissing region. The rate of its deformation at the south- 
ern end of Lake Huron is only about a foot and a quarter per 
mile, increasing to four feet per mile, with a direction east of 
north, but pointing to the foci of uplift occurring north of 
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the Ontario basin. Whether synchronous or not with the 
Iroquois its bearing upon the Niagara river is of secondary im- 
portance after having established through it the fact that the 
Huron waters did not then overflow into Lake Erie, Still, the 
lowering of the waters from the Algonquin plane was like that 
in the Ontario basin. 


TILTING OF THE NIPISSING BEACH AFFECTING NIAGARA FALLS. 


In the Huron basin the waters were lowered to the Nipis- 
sing plane,—160 to 170 feet above the lake in the vicinity 
of Lake Nipissing; while at the southern end of Lake Huron 
they were more than ninety feet below the present level. Upon 
the further subsidence of fifty feet the waters fell to the floor of 
the Nipissing-Ottawa divide. With the renewed deformation 
of the land the waters backed and flowed over the St. Clair 
divide into the Erie drainage. 


BHFFECTS OF POST-IROQUOIS UPLIFT ON NIAGARA RIVER. 


This terrestrial movement was extended to and increased at 
the outlet of Lake Ontario, and eventually raised the barrier 
there so as to drown the Niagara channel by the backing of the 
waters into it. The warping also caused the overflow of the 
Huron waters by way of the St. Clair river. The rise of the 
Ontario rim so as to flood the Niagara channel was not com- 
pleted for a considerable time subsequent to the overflow of the 


Huron waters into the Niagara drainage. 


CHICAGO OVERFLOW. 


During the rise of the waters in the Huron basin a tempor- 
ary overflow by way of Chicago played a subordinate part, but 
the only effects upon the recession of Niagara falls were to 
partly reduce the volume of the river, when the falls were pass- 


ing the Whirlpool rapids. 
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FISHERS THEORY. 


CAUSE OF EARTH MOVEMENTS 


Some have supposed that the lowering of the waters was 
occasioned by the withdrawal of ice dams, still if such were 
the case their presence left large sheets of water forming 
great beaches at one level. The withdrawal of the water 
could lower the level but not tilt the land. The tilting is an 
earth movement. One stage of the earth movement carried 
the land unquestionaly below sea level, for at Montreal the 
marine deposits, with sub-arctic shells, occur at 530 feet. The 
minor oscillations, such as are found adjacent to the coast, are 


not a subject of this paper, and much is here left unwritten. 


As to the cause of the warping some have supposed it to 
be the consequence of an isostatic return to equilibrium upon 
the withdrawal of an ice sheet. But any ice sheet was far 
removed to beyond the limit of the observed shore lines, so that 
the withdrawal of the ice had taken place not simultaneously 
with the warping, but long anterior to it. In the evidence be- 
fore me this explanation seems to be at least largely without 
physical support. Even an isostatic return to equilibrium 


necessitates interior terrestrial movements. 


As to the cause of this quiet rising and sinking of the land 
without apparent crumbling or dislocation of the strata only a 
suggestion can be offered. For a working hypothesis, one 
enunciated by the Rev. Osmond Fisher, author of ‘ Physics 
of the Earth’s Crust,’ offers at least a plausible explanation. 
The phenomena in the lake region indicate only one general 
form of earth movement, affecting, however, in a different 
degree, all parts of the Lake regions (Lake Superior excepted 
as not having been brought here under careful analytical in- 
vestigation as in the case of the other lakes). 


The foci of greatest rise are on the Laurentian highlands, 
a considerable distance northward of the outlet of Lake Ontario, 
which may be caleulated from data given in this work. From 
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these foci the radiating movements diminish to nearly zero 
at the head of Lake Erie. Accordingly, it is again necessary 
to emphasize the fact that the changes which affected Huron 
were the same as those operating upon Lake Ontario—a case of 
a rising node of the earth’s interior. 

Mr. Fisher explains such changes on the hypothesis that 
there is a liquid substratum in which convexion currents exist. 
‘Somewhere a column of fluid would begin to ascend and flow 
away horizontally at the surface. The waste in the lower parts 
of the ascending column would be supplied by the inflow of the 
surrounding liquid, which would depress the isotherms in it, 
and the whole region affected will become cooler . . . and 
therefore more dense than the average of the general mass, and 
eventually gravity and friction will cause it to descend, when the 
processes of the ascending will recur elsewhere. These occur 
in cycles. The surface above an ascending column would be- 
come elevated, and above a descending one depressed (p. 216).* 
‘lt]. <2 = an upward’ convexion current were tococeur 
beneath the continent, the change of level would be local and 
would affect the superincumbent area. This would cause the 
kind of uplift which is found in plateau regions without much 
crumbling of the strata’ (page 218). 


**A suggested cause of changes of level in the earth’s crust,’ by Rev. 
Osmond Fisher, Am. Jour. Sce., Vol. XI., pp. 216-220, 1906. 
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CHAPTER XXXI. 


NO PRESENT EARTH MOVEMENTS 


OR STABILITY OF 


THE LAKE REGION. 


Observations about Lake Brie. 

Fluctuations at Port Colborne and 
Cleveland compared. 

Table of fluctuations between Port 
Colborne and Cleveland. 


Table of flucuations at Toronto 
and St. Lawrence stations. 

Absence of earth movements about 
outlet of Lake Huron. 

Importance of terrestrial stability. 


Stability of earth’s crust in Brie 
basin since fifty years ago. 

No earth movements in Ontario 
basin. 


Former supposition of future div- 
ersion of the Niagara to the 
Mississippi. 


OBSERVATIONS ABOUT LAKE ERIE. 


In preceding chapters late earth movements are shown to 
have occurred, so that it was only natural to conclude that such 
might still be in progress. A suecessful effort has now been 
made to compare the lake levels in their relation to the present 
topic. In the latter part of this chapter a statement of the 
earlier studies and conclusions will be given. 

The raised shore lnes westward of Cleveland indicate 
scarcely any changes of level, while between Cleveland and Pt. 
Colborne, the late rise amounts to nearly 120 feet. Therefore 
it is in this section that modern fluctuations should be looked 
for. At the entrance lock of the Welland canal, situated at Port 
Colborne, the daily fluctuations have been kept continuously, 
and those since 1849 have been investigated. The Cleveland 
record is continuous since 1854. These two points are located 
156 miles apart. 

In the record personal equations appear. 
Port Colborne were taken by the lockmasters who recorded only 
the nearest inch, consequently some men might favour the 
larger while others the smaller readings, and others might be 
careless. But in the thousands of records the error will become 


nearly eliminated by the law of averages. Not so, however, if 
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The readings at 
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only levels, taken by different observers, during short periods, 
be compared. 

A very small tide exists, and with only one daily reading at 
a constant hour another source of error will appear during 
short times of observation, which would be eliminated if longer 
studies were made; but this is subordinate to records read- 
ing only to the nearest inch.. The intensity and effect of 
the winds produce the greatest variation, but even this error is 
reduced when the observations extend over a long period. 

As the sill of the lock is taken for the Port Colborne 
datum, there is little probability of any alteration occurring in 
its position at many feet below frost action. The bench at 
Cleveland has been changed, but with corrections as close as 
possible, by the Engineers of the Lake Survey. When taking 
long periods there is no apparent reason for going behind the 
data thus furnished. 

The table on the following pages gives the fluctuations 
for Lake Erie at Cleveland and Port Colborne for annual 
and quinquennial periods, also the difference between these two 
stations. It must be stated that in the correction of the 
levels south of the lakes, one amounting to 0-33 of a foot has 
not been made, while the change has been made in the Cana- 
dian levels. The error is retained-so as to avoid confusion with 
records previously published. As this is constant the ratio of 


fluctuation is not affected. 


FLUCTUATIONS OF PORT COLBORNE AND CLEVELAND COMPARED. 

The first five years of continuous records are those of 1855 
to 1859. In the table which is given the level of Port Colborne is 
shown lower than Cleveland. The bench marks are stationary, 
consequently if the table gives an increased minus quantity 
at Port Colborne it denotes a sinking of the land there 
more than at Cleveland. A movement in the opposite direction 
indieates a rising of the land. Thus the quinquennial period end- 
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ing 1905 shows—0°28 of a foot, and for the same length of 
time ending 1859,—0°29. Indeed if a longer period from 1891 
to 1905 be taken, it is also —0-28 of a foot. Thus it is seen 
that while there are personal errors the mean level at the two 
stations varies by only 0-01 of a foot, though a period of fifty 
years has elapsed. The variation is far within the limit of 
arithmetical error. 


TABLE OF FLUCTUATIONS OF LAKE ERIE AT PORT COLBORNE 
AND CLEVELAND. 
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SOO Mae Wea oh hices. Kelcaton tens os 573° 95 — ‘$1 574° 26 
ISG 0 MN Calas peso aiec toe al sucrose cota ets d/o 02 +°03 573°49 
MeO O=18O0 ae weve pee oases oe 573° 40 —°23 573° 63 
ESOL ae APNG Atte mere onicrare nee 573° 56 —*02 573° 58 
DSi We Pe tS. cas inc icdiord Gnescke 57371 2 57369 
SOD mR see ee fea eco ee ae 573° 50 —'10 573° 40 
TEST Be Se ia Me Lee aie eRe eater 573 07 +°28 Bh) 
TESTOTSSE 5 Ale Ae en tear bl Mie Tee Re ee rea ee 572°41 —'03 573 °44 
USGI S60 eee ater hake tues 573° 25 +°'07 572°18 
USOT een yeti) users eee eo besarte 512572 +°'14 572758 
ARCO. Aas) wale NEMA Be Sete Sa ee eo 572° 44 —'16 57260 
GOS Mears Reet ee ite soeremtuaclte Setar car abort cmalaaatten® 572° 23 00 bI2 23 
HES O amet tp Weta eee hac coat ater a ed 572° 49 16 572° 65 
HCH DN a) ate Ca dos ten ie Ica alocher eee eecten oem 572°13 — 15 573° 28 
LS6CHESTOMNs erecta ores 572° 60 06 572° 66 
Tid ES sth ee es a ee a a eee 572° 60 —"09 | 572°69 
TESA Se A a AE Ws orc Ree eee 571° 64 11 571°T. 
ICIS} 4 ARM Oren iain Can MacNee ie caer etee ere AT 2°25 —'‘18 572°43 
CTT’ cov Hee Se eeoSrae ie. ie Boece Gyr — ‘23 572 94 
Site’ Ook Gee ao oan Ac seers HIZ 21 —‘07 57228 
NSA yds pes Loch axsc blots. eee 572°28 —'13 572-41 
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TABLE OF FLUCTUATIONS OF LAKE ERIE, &c.—Conceluded. 


a Lake Erie | Pt. Colborne | Lake Erie 
Years. at below at 

Pt. Colborne. | Cleveland. Cleveland. 

1876 573°59 —'10 573° 69 
TST ste aoe ee ee ae arora 57252 —°35 572°87 
I ReVesi rere cote Gira aoe 57 2°94 — ‘34 573° 28 
Bey de ete Ree ae CRD APC Bee Nec 57 2):25 —'27 57252 
ikcto\U en Hee RETA OOe. Sine roas 572° 45 — ‘32 572°77 
UST E=1S8 Ole etteee eset centers Dia 1) — 27 573° 02 

USS Se aire costa eres eon eA eae ears 5/2-21. == 40) 572°61 
1 SOO at city ahen ene ete mecca eee 573°10 | — "38 573° 48 
188332 ee ose eon Pee b73a1L | —'15 573° 26 
i Retek Oe ann Aiton mee ieee Aa 5 ack 57312 — 21 573 °33 
IBSHM ia aac geo a ae 573°09 —'15 573° 24 
Rooted Notets ohana Pen Crea MOI reenact (2292 — ‘26 57318 

i Gots iia Ewe. Sis Berta bg ee ec er is eid 573° 46 +:11 Diowoo 
WSS Festevctes Leecaroum ates Meee commento 73°16 — 13 573° 29 
Htctolsta Mate eperal et eter ait sce oe eta cei 57238 | 572° 60 
TS SO helt ah ae Wee oine nen oie. pacertae ae 572-16 eal 57 2°37 
GEC eam saat ai Rana eat eee ate 572°85 —’'20 573° 05 
VSS6=1890 ee satpro a tee 572°80 —'13 | 572° 93 
SKS) iS ee era aR tos a abel Danes aes Oren poor) 571 80 —°35 572°15 
Bis PRN By tiara sain cS roe BREE Ow owe e 571°c8 —'26 | 57213 
1893. eee eee ee eee 571°85 —'23 | 572°08 
1894. 571°85 ==" 94 572°09 
USSD e eae, teres ee eek tenn a eevee 570°93 — 24 571°17 
LSOISUSOD yao ut eae ar ieee to 571°66 — ‘26 571°92 

TS 9G eerie tat a hearin a eS 571°05 oll 571°39 
UNF ce Sie 571°66 > —-'30 571°96 
TS 9B. Fa sarctatitcs no anti etss ise tor STII an et BEL 8S) | —°25 572-13 
TB OOL ae tm, cee Mite araemere nna eee 571°63 —'27 571°90 
BRST Re ME St Aree eine heir wt OSs 571°63 | —'31 571°94 
89651900... cams ete exe ome 671°57 —°29 571°86 

AGO) See ae eA A env ae eae mie rine 571°05 —°33 571°38 
1902. ay Alor —'14 571°84 
1903 Sexe norge nee ieee apart seinen es 572° 02 —°35 b72-30 
ere AOD ie: tend ef ager gS, 3h BN 72°21 — "v4 572° 45 
TGOD aia eons 8 ere tetera eee Bee eS 71°84 —-*34 572°16 
LOOL=190D eer eee eae 571°76 — ‘28 572 04, 

AUSSI Noli ae eta D monte ead os 573° 26 -—-"29 57355 
LEGOHLS 7 Giaecmecwae aaeetneR oer he 572°80 —'05 72°85 
NS ie LOUD Sener ee HD ee eee 572°20 —°26 572° 46 
TOG -L905S 21 oe eee heey ene ee 572°49 —'18 72° 67 
USGISUS TB: Bees Mote tad ao eet ee 572°71 | —'04 572°75 
NS ZO—1LSQO UR. eso eer he ee ae 572° 82-| —'22 573° 04 
USB ATA Sear miee morose sae enact ook 571 66 “28 571°94 
TEXOHR SUN YE SS echoes ta wind ote 571°76 —-'28 572°04 
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STABILITY OF EARTH'S CRUST IN ERIE BASIN SINCE FIFTY YEARS 
AGO, 

If, instead of taking the average of a considerable number 
of years, that of two years be taken there will be equal propriety 
in selecting any pair whether near together or far apart. If the 
levels of 1858 or 1859 be eompared (for they had the same 
elevation) with the height of water in 1860, Port Colborne 
would be found to be rising faster than Cleveland at 0°34 of a 


foot in one year. Such a sudden change—if an earth movement 


would apparently give rise to earthquakes. On the other hand, 
if the year 1877 level be compared with that of 1876, the figures 
would show that Port Colborne was sinking faster than Cleve- 
land at the rate of 0:25 0f a foot a year, or twenty-five feet a 
century. By selecting the mean fluctuations covering a whole year 
most erratic results may be obtained showing either rise or fall; 
andif months or days be taken the results vary from zero to 
others most astounding. These, however, disappear to a great de- 
eree in taking the mean of a considerable number of years, with 
some remarkably uniform results establishing the stability of 
the earth’s crust about Niagara falls, for the last fifty years. 
Tf, in place of comparing the levels of the last five or fifteen 
years with those of fifty years ago showing no difference, the 
lake levels of the last fifteen years be compared with the mean 
of the entire period of fifty years, the figures are on the side 
of sinking at Port Colborne, for in all this time the figures 
show only 0-10 of a foot, which is also so small as to be of no 
value whatever. This simply confirms the conclusion as to the 


stability of the region. 


NO EARTH MOVEMENTS IN THE ONTARIO BASIN. 


The height of the Iroquois beach nearest to that of the Lake 


station at Toronto is 188 feet; at Rochester 188 feet; at 
Canastota on the line of strike with Oswego, 194 feet above 


Lake Ontario. This includes the personal equation in their 
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As such a small amount of deformation has 


occurred, if indeed any, since the Iroquois epoch, it is not to 
be expected that the fluctuations of the lakes between these 
The 
uniformity of the lakes at these points has been discussed in 


stations should indicate differential changes of level. 


Chapter xvut., where it is seen that since 1865 the mean fluc- 
tuations have varied 0:05 of a foot or less on either side of 
the average, and back again to nearly zero; so that in this 
plane there has been no variation of earth movements recorded. 


MBEAN ANNUAL FLUCTUATIONS OF LAKE ONTARIO AND ST. 
LAWRENCE RIVER.* 


| 
Lake |Lock 27|\Lock 27) Lock 15 Lock 14 
Years at Galops | below |Lock 15) below |Lock 14| below 
Toronto) rapids.) Lake. Lake. Lake. 
el BD ie | | 
MIT oaees OAT? On) Ite evanace eed ane eel ee ee 155-26 | 91-79 
1S GOS = ee ae oe 16300 eee ee eats atts 155.15 | 91°77 
1863: Se See ee 24650 i | 154-80 | 91°70 
1864.4... SAG D0 ih cae aes Ai ied tee | | 154°67 | 91°62 
TSG 5 eign Seen NOB | oo. [aaa 73 | ae ae eet | 155°55 | 90°48 
DA SSD as Dalen alpen | 155-08 | 91°47 
S66 es eee DY SET a apie ect ee! foe ec | PM er | 154-34 | 91:28 
ema 246° 44 le eras ad SI ect 154 70 | 9°74 
ICE G arch ee eee aN PUSETGA Iles. olson ie Dele cenol alent el SHES 
1860 gee ee EMRE eee case onan area a [eee | 154°36 | 91°70 
LS Olam aa Ne ee DGD Woo wo: .| 158°74 | 88°46 | 155°00 | 92°20 
246°10 |. ts 154-44 | 91°66 
= | soe 
1871. 54504 ers 157°62 | 88-22 | 154.26 | 91.58 
STON ee reenter De AU lige! ate salle pin a oe 157°72 | 86°69 | 153.30 | 91.11 
CUA ic cuneate ee, DEIR Wl| sees ails hekina. 156°56 | 88-97 | 154 09 | 91.44 
VOR eee caer pe [24600 eae ee eee 157 23 | 89°05 | 154°58 | 91:70 
Uitte taia Retin seen ie. 214°96 | 242°76 | 2°20 | 157-62 | 87°34 | 153-64 | 91°32 
945A! Il. See. 157°35 | 88-05 |.153°97 | 91°43 
LTC. 246°76 | 215°50 1:26 | 158-43 | 88°33 | 15473 | 92°03 
ad Mom ate tee 245°58 | 244°24 | 1°24 | 157°39 | 88-19 | 158-98 | 91-60 
TLRYS coe oie apc 246°10 | 244-04 | 2°06 | 156°09 | 90-01 | 154°38 | 91°72 
187.0 eee en eee | 245°70 | 244° 41 1°29 | 157°43 | 88°27 | 154.25 | 91-45 
WIM: s ssoncanbe 245°51 | 243-55 1°96 | 155°96 | 89°55 | 153:97 | 91°54 
245-93 | 244°35 | 1:58 | 157 06 | 88°87 | 154 26 | 91-67 


* Data furnished by Harbourmaster of Toronto and Superintendents of Canals. 
+Sill at old Lock 27 is 234°82; at Lock 15 is 144°53; Lock 14 is 142°19 feet above 


mean tide (being 0°75 added for corrections). 


Recent slight corrections of sea level of 


the locks have been made, but these dono affect the variations or changes of level. 
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MEAN ANNUAL FLUCTUATIONS OF LAKE ONTARIO AND ST. 
LAWRENCE RIVER— Concluded. 


| Lake Lock 27|\Lock 27 ‘Lock 15) Lock 14 
Year. at Galops | below |Lock15.) below |Lock 14.| below 

Toronto, rapids. | Lake. Lake. Lake. 
LSS eee eee 24a 14 243776 1°38 | 156°09 | 89°05 { 153°65 | 91°49 
NG SQ Fetes tetas cers 2st | 246°13 | 244°98 Te alsy || Wa Ly 89°86 | 154°29 91°84 
IRE cidade cs ane agaor | 246°31 | 244°88 1°43 | 156°86 89°45 | 154°37 | 91 94 
1884... Bee) ere el 240296) 245.56 1°40 | 158°87 88°09 | 154°67 92529 
Tete ce cet wee Ona G 246°59 | 245°15 1°44 | 158°20 | 8&°39 | 154°36 92°23 


246°22 | 244°86 1736 | 57°25 |) 88297 | 154°27 | 91-95 


SS OSeranersen/ Me Aeya.ors 247-31 | 246°02 1°29 LOOT 88) 20) 154 O28 92239 
HUST ASE se st oem Ono Ores | 246°77 | 245°48 1°29 | -158°80 | 87°97 \ 154°46 | 92°31 
dicttboac! ada Gneosali ee Orion Ile Seal 1°35. | 157°50 | 88°06 | 153°90 | 91-66 
TRSISE RT, qe caso 6 ercsl| Ce OUL Nemee hers) 1°24 | 156°21 | 89°46 | 154°15 | 91°52 
SOO Rea ae see eo enon 240%50 1°37 | 156°86 | 89°87 | 154°99 | 91-74 
| - |- | - \—— --|—— : 
246°41 | 245°10 1°31 | 157°69 | 88-72 | 154-48 1 91°93 
H = ‘ = 
| 
ICED ESR Arndt heeds 245 77 | 244°47 1 30 | 157°88 | 87°94 | 154°48 | 91°34 
RO Aceh meyer tte eh. 244°93 | 243°79 1:14 | 156°05 | 88°88 | 153°89 | 91°04 
USES foo c56 Bet ea 245740) 244-26 123 LOTTE 87-78) 1o4519) 1 91-30 
OEE We GH nih HACE 245°31 | 244°15 ISLGn POO Sel eeSor lame loo; OOmmng leo 
BOD Soe cil elie digests 243°81 | 242°81 1°00 | 155°12'; 8&8 69 | 153°10 | 90°71 
24506 | 243°89 | 1:17 | 156°61 88°45 | 153°91-| 91°15 
SOOT aoe cactecrusise mick 244°06 | 243°24 0°82 | 156°09 | 87:97 | 1538°20 | 90-86 
BOT haere |) 244-44 | 24349 0°95 | 155°45 | 88°99 | 153°24 | 91°20 
SOS ee ere »- «. | 245°08 | 243°68 ) 1°35 | 155-43 | 89°60 | 153°52°| 91-51 
UCR eee renee: Seoe 244°97 | 243°62 | 1°35 | 156°79 | 88°18 | 153°53 | 91°44 
(ONS Seren te Doge eerste Ole) 24376) 1°30 | 155°85 | 89°06 | 153°44 | 91°47 
| 244-68 243 °53 1-115 } 155°92 | 88.76 | 153 38 | 91°30 
LO OL erence rabis bels - | 244°73 | 243°44 ibe) |) iss || tetera) al siees | Bile) 
UISTOPAS, snie ie ace Gee 245°01 | 243°72 UGA i eaters oll Noch oro 153°37 | 91°64 
USB) cone eee ease a) 240704 Wi 244° 62 Ost O Dig ee meas recagers everest 153°56 | 91°98 
ID Pei coln been. ....| 246°29 ; 244°83 SAG) ecco wrstlle a oreccs 153°88 | 92°41 
UNOS) Seen ac0 ...-| 245°91 | 244°48 GAS BEY sas sreteus ltepsvayyee seta 153°65 | 92°26 
245-49 244° 21 GDS eater tot ee Neropecn ac 1532565)" Oi "93 
I, oeoees. “oa oi PRONE ees omeullions poss beasabes|poacngoe 154°42 | 91°68 
RHE S SoG a gaan |) HU fol" eelaee dl bar oeee.mal eee s Silcncdaces 153°61 | 91°46 
SGU 0D Jae ce kat WA ||. Saaborellodocndely|sauccovlloocpouds 154°01 | 91°57 


As the Iroquois beach shows a rapid rise (page 281) from 
Toronto northeastward it might be expected that the evidence 
of a modern elevation of the land should be found in the lake 


fluctuations. Eastward of Toronto there is no point where the 
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lake levels have been continuously taken, until reaching old 
Lock No. 27 at the head of Galops rapids of the St. Lawrence 
sixty-six miles below the outlet of Lake Ontario. Throughout 
this distance the river is broad with a descent of only little 
over one foot, consequently it may be considered as part of the 
lake level. In the fluctuations of the lake, between here and Tor- 
onto, earth movements should be found if anywhere. While 
the records at Toronto and at Lock 14 farther down the St. 
Lawrence have been obtained for a period of forty-five years 
as shown in table page 332, those at Lock 27 cover a period of 
only thirty-one years. In the table abnormal changes are 
shown in the years 1875, 1878 and 1880. If these could be 
omitted the levels of the intervening years would indicate that 
at Lock 27 the-water surface had a mean level of 1°30 
feet below Toronto. However, without omitting these abnor- 
mal records, it is found that between 1881 and 1890 the mean 
water level at Lock 27 was 1:33 below the lake at Toronto; 
that of the next ten years 1:16 feet, and a return during the 
last five years to 1-28 feet—within the range of arithmetical 
error the level of the last five years and that of the decade 
ending in 1890 are substantially the same, showing that there 
has been no rise of land between Lock 27 and Toronto, 210 
miles west of it. Lately one of the channels of the river 
has been artificially blocked, which may modify future readings. 

The table also shows that Lock 14 has stood at 91-93 
feet below the Ontario level from 1901 to 1905, while from 
1881 to 1890 it was about the same or 91:94 feet. In the 
levels of the five year period, ending with 1905, it has been 
found that while there was a scouring of the outlet, the level 
was raised again owing to the increased rainfall,—the net 
deepening amounting to 0°53 of a foot (Chap. x1x., page 243), 
Accordingly this amount should be deducted from 91:93, leay- 
ing 91:40, which figure is lower than the mean difference of 
levels during forty-five years by only 0°17 of a foot. It is only 
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0-07 of a foot less than that of the quinquennial period ending 
in 1865, the result being on the side of sinking of the region, if 
any value could be placed upon the small difference, but the 
figures are so close that they give the idea of constancy at the 
end of forty-five years. 

If the fluctuations of the last quinquennial period at Lock 
14 (Valleyfield) be compared with those of the lake at Toronto, 
it may be observed that there was a considerable change during 
‘the decade ending with 1900, with figures on the side of a sud- 
den rising of the land. But in the mean level of the last five 
years there has been a return to the same relationship that pre- 
vailed in the earlier years named. Consequently, from the lake 
levels, though fluctuating, there has been found a stability of 
the lake region. In the two decades which preceded the last 
mentioned the fluctuations were in the direction both of sink- 
ing and rising of the land with a return to normal conditions. 
This departure from, and return to, the normal differential 
levels between two distant points covers the case of oscillations 
of the earth’s crust as seen in the fluctuations of the lakes, 
establishing a negative result, which is not confused with the 
question of the lowering of the outlets derived from the same 
data as discussed in Chapter xrx. Finally it cannot be empha- 
sized too strongly that in the records of the changing lake levels 
the present stability of the earth’s crust is established, although 
there are variations from the normal conditions of lake levels 


shown in some years. 


ABSENCE OF EARTH MOVEMENTS ABOUT THE OUTLET OF LAKE 
HURON. 

In Chapter xv. the recent lowering of Lake Huron has 
been described. On this account the evidence of earth move- 
ments might not be separable from that of the scouring of 
the river bed. In this region, as has been found about the head 
of Lake Erie, the post-glacial tilting is so small as to preclude 
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any considerable amount of change at the present time, even if 
measurable. 

Whether the lake region as a whole is now rising or 
sinking is a question outside of the present investigations 
which have to do with the differential movements or tilting 
affectings the outlets of the lakes, although there is now local 
stability where formerly there were great movements. 

It should be mentioned that Lake Superior is’ not included 
in this study, and, accordingly, the generalizations do not apply 


to it either as to the rising or sinking of the region. 


IMPORTANCE OF TERRESTRIAL STABILITY. 


The present study of the lake fluctuations has brought to 
hght the stability of the land in the lake region adjacent to the 
outlets of Erie and Ontario. It is one of the important pro- 
blems solved by the present survey. If the earth’s movements 
were causing a sinking of the land towards the outlets of the 
lakes it would facilitate the lowering of the water and a drain- 
age from the heads of the basins. On the other hand, if the 
land were rising the waters would be submerging the low lands 
at the upper-ends of the lake basins, and eventually Lake 
Erie would discharge into the Mississippi. No change of level 
whatever indicating such deformation has taken place dur- 
ing the last fifty years, although it obtained during a prior 
epoch when the deserted shore lines were tilted, and the 
Huron waters turned into the Erie. Indeed, the low flat at the 
mouth of Niagara river proves a recent lowering of the lake 
level, but this is due to the scouring or deepening of the 


outlet. 


FORMER SUPPOSITION OF FUTURE DIVERSION OF NIAGARA TO 
THE MISSISSIPPI. 


The late tilting of the beaches naturally suggested the con- 


tinuance of the movement, the consequence of which would 
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be the drainage of the Upper lakes into the Mississippi river. 
Tt was a logical conclusion with an interesting sensational 
aspect. In 1894, in connexion with studies on the Niagara, 
the rocky barrier near Hubbard point appeared so high, that 
unless it had been raised, since Niagara falls had receded 
past it, the waters would have been diverted into the Missis- 
sippi, thereby ending the life of the falls.* The measure- 
ments were taken from a topographic map of the Lake survey. 
which was lately found to be inaccurate. Upon commencing 
the present survey, and in making more careful measurements, 
the results led to the abandonment of the former conclusions ; 
but it was some time before the present stability of the region 
was affirmed. On the former occasion the rate of the rise of the 
rocky barrier was estimated to be such that Niagara river should 
be drained, as far as Buffalo, with the Niagara waters diverted 
into the Mississippi in 5,000 years,—a time which would have 
been diminished to 3,560 years had the measurements been 
reduced to the standard of the rocky rim of the Upper rapids. 

About two years after the above announcement by the 
writer, Dr. Gilbert} adopted the same idea of earth movements, 
but attempted to prove the question de novo from fluctuations 
of the lakes. Strange as it may seem his conclusions that 
Niagara falls would cease to exist in 3,500 years closely coin- 
cided with my own when reduced to the same datum. 

He selected thirty-six irregularly chosen days between 
August 20 and October 30, 1858, and taking the levels on them 
he compared the height of the water at Cleveland and Port 
Colborne on thirty-three days also irregularly chosen between 
June 28 and August 18, 1895. Therefrom he concluded that 
Port Colborne had risen 0°239 of a foot, or at the rate of 0-65 
of a foot per century more than Cleveland. 

From his paper I infer that he chose the days of low levels 


* ‘Duration of Niagara falls,’ by J. W. Spencer, pp. 471-2. 
+ 18th Annual Rept., U.S. Geological Survey, Part 2 Ds O22eal SO. 
22 
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when he thought the wind was blowing most gently. But the 
effect of this was that the levels taken from 1895 were only 
0:03 of a foot below the mean of those of the three months 
from which he chose, while those adopted from 1858 proved to 
be much below the mean of the months from which they were 
selected. It does not appear why the averages in both cases 
were not taken, or why levels of autumn months, when the 
velocity of the wind is twenty-five per cent greater than in 
summer, were compared with those of months of gentler breezes. 
Had he compared the summer months in both cases by taking 
the mean levels, the difference would have been 0-04 in place 
of 0-239. In this case, however, had he taken the means of 
the whole months actually drawn from, the amount of rise 
would have equalled only 0:03 of a foot in thirty-seven years, 
or 0-08 of a foot per century; but no value can be placed 
on such small differences. Indeed he himself recognizes a 
probable error of plus or minus 0-057, which gives a range of 
more than a tenth of a foot. This choice of days and seasons, in- 
dicating an upward movement of the Niagara district, which if 
continued would divert the Niagara waters into the Mississippi 
in the not distant future, must give place to the analysis of the 
full data covering. the mean levels of thousands of days fifty 
years apart, which establishes the stability of the lake region 
during that time. The data for comparing fluctuations are 
given in this chapter, while the monthly variations are found in 
Tables 1 and 2, Appendix v. 

In the Ontario basin Dr. Gilbert compares the levels of 
only four days in all, taking them from August, September, 
and October, 1896, with thirty-four days irregularly chosen 
between April 17 and June 9, 1874, at Sackett harbour and 
Charlotte; concluding that Sackett harbour has risen 0-061 
of a foot. As has been shown in the more extended analysis, 
this amount is a negligible quantity as well as the observations 
being too few. Even if not so the records of mean fluctuations 
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for many years at Galops rapids shows there has not been any 
rise in the earth’s crust during the last thirty years (this chap- 
ter, page 334). The same author computed the changes of 
Lake Michigan, comparing those for a few days in July and 
August, 1876, with a larger number between the end of July 
and the end of October, 1896. But this district lies outside 
the province of this paper and would not affect Niagara falls. 
From the fuller evidence now brought forward it may again 
be repeated there is not the slightest indication of present earth 
movements which will divert the Niagara waters to the Missis- 
sippi, flooding Chicago. Nor can we predict whether future 
changes will be those of upward or downward movement. 
Beyond the scope of this book, the question of terrestial 
stability established in the large lake region, of the interior of 
the continent, may prove of value in other problems of physical 


geology. 


uk 


CHAPTER XXXII. 


RECESSION OF 


Preface. 

Present recession. 

Effective height of the falls in re- 
cession. 

Iermer changes in the height of 
the falls. 

Variation in the volume of the 
water. 

Differential discharge from the Brie 
basin. 

Laws of erosion. 

Character of original river channel. 

Effects of Falls-Chippawa valley 
upon the recession. 

Recession of American falls. 

Effects of rock structure. 

Height and volume of falls at their 
birth. 


NIAGARA FALLS. 


Increasing height of falls and 
establishment of second cataract. 

Subsidence of waters to Bell ter- 
race. 

Troquois shore level. 

Union of two upper cataracts above 
Foster flats. 

Medina or third falls and their 
great height. 

Increased volume of Niagara at 
Foster flats. 

Effective ending of Medina falls— 
Shallower channel below Whirl- 
pool. 

Increased effective height of falls 
above Foster flats. 

Conclusions as to stages of reces- 
sion. 


PREFACE. 


The many preceding chapters were a necessary preparation 
to this one, in elucidating the character of the recession of the 
Falls of Niagara, their changing history, their power, and the 
determination of their age. This chapter seems to be separated 
a long way from the one on the recession lines; but so complex 
has the history been that the work of the falls could not be 
understood until investigations had been made upon the various 
conditions and phenomena which have accelerated or retarded 
the retreat of the cataract. 

In a general way the recession of the falls depends upon 
three factors—their height. their volume, and the character of 
the rock formations, which are being channelled by the stream. 
The falls have retreated across a very level country, underlaid 
by almost horizontal rock formations having a great degree of 


uniformity, as was noted even so long ago as 1789 (Ellicott). 
841 
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Few people have supposed that the recession was not uniform; 
fewer still would think that the story had not all been told 
concerning a commonly known natural feature. The history 
had been partly anticipated in the discovery that the volume 
and descent of the water have not always been the same, and 
that some of the features have changed to a degree. 


PRESENT RECESSION. 


Although the form of the falls was sketched out in 1819, 
yet the actual retreat has only been measured between the years 
1842 and 1905. During these sixty-three years, seven and 
three-quarter acres have disappeared. The width of the gorge 
at the falls is 1,200 feet, the excavation of which is due directly 
to the cataract. The mean recession during these years is found 
to be 4:2 feet per annum, while during the last fifteen years 
it was reduced to 2°2 feet; the previous fifteen years showed 
an annual mean rate of 4:54 feet (page 36, Chapter m1.). It 
must be borne in mind that there are years of no appreciable 
falling away, succeeded by others when large areas collapse. 


EFFECTIVE HEIGHT OF FALLS IN RECESSION. 


The height of Niagara falls might be taken from the crest 
of Greens or First cascade of the Upper rapids, which is 312 
feet above Lake Ontario, or 212 feet above the surface of the 
river in the cauldron below (as shown in longitudinal section 
figure 28). However, in the Upper rapids, the erosive work 
of the river is exceedingly slow, so that in comparison with 
that of the main cataract it is an almost negligible quan- 
tity. The accelerated velocity of the water adds something to 
the force of the descending column; but on account of the 
rising knobs and blocks in the bed of the rapids, the force is 
impeded, especially throughout a considerable portion of the 
breadth where the water is not deep. Accordingly, the theo- 
retical gain in power by the descent of the water on the Upper 
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rapids is very much reduced. At the side of the Canadian 
falls the height is 158 feet, while in the centre of the apex it 
is 175 feet. The old floor of the Park is so nearly 180 feet 
above the river in the channel below, or 280 feet above Lake 
Ontario, that this height may be taken as effective in the exca- 
vation of the gorge with the river at present level, thus making 
allowance for its increased velocity. 

This effective elevation of 280 feet above Lake Ontario 
applies for a distance of 7,000 feet north of the present site 
of the falls, while on rising to the col of Hubbard point, the 
river plane, extending to the mouth of the gorge was generally 
near 317 to 320 feet. However, the changes in the gorge have 
caused variations in the height of the falls. Then the height 
was increased, so that when they were at Hubbard point, the 
descent was 270-280 feet. South of this poimt the descent was 
240 feet, before the damming of the Whirlpool rapids, after 
which the effective descent is taken at 180 feet. 

The bed of the river, some distance below the falls consists 
of an outer channel, with effective depths respectively of 80 to 
100 feet, and an inner channel to 192 feet. This double channel 
is not characteristic under the falls, but it is known from the 
angle of Goat island shelf for a distance of 2,800 feet to Carter 
cove (Plate xxxvii. A), where is the end of a lower drowned 
platform. To what is this deeper channel due? It is situated 
in front of the American fall and onward. 

As the erosion effects are proportional to the height and 
volume of the water on the same materials, and as the deeper 
channel is excavated out of only soft shales, the increased height 
of the falls above the Whirlpool rapids by sixty feet, before the 
rising of the river to this extent, is sufficient to account for 
the great depths of the river above this point. It may seem 
remarkable that the refilling of the Whirlpool rapids should 
have been so recently completed as the phenomena prove. But, 
on the other hand, if such were not the ease the mechanical 
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action and the slight solvent power of the water should have 
greatly reduced these obstructions. Moreover, as before pointed 
out, the collapse of the walls here is so recent that the stream 
called Muddy run has not yet made even an incipient gorge in 
the shales beside the Whirlpool Narrows. Strange as it may 
seem, Kalm stated in 1750 that ‘this fall . . . has grown 
less and less,’ referring to the height of the great Falls of Nia- 
gara. 

The Upper rapids appeared only after the falls had passed 
Hubbard point, which on retreating southward, sank more and 
more within the Falls-Chippawa valley. In the early days of 
these rapids the depth of the water was much greater than now 
im the channel on the New York side of Goat island, as seen in 
deserted banks on that side. Also the deepening of the Cana- 
dian channel of the Upper rapids has been occasioned by the 
river creeping southwestward into and over the side of the 
buried Falls-Chippawa valley, and the consequent lowering of 
the water in the New York channel and adjacent to Goat island. 
Then, too, islands existed where now there are rapids (as shown 
by fragments still remaining in 1799 and 1842). Accordingly 
the course of the main falls was near the Goat island shelf. The 
water was concentrated in the line of the deep inner channel, 
observed in the soundings, with the augmented American falls 
cascading into the side of the same. The submerged terrace 
above Carter cove was largely formed by the wide lateral en- 
croachment of the river upon the western side of the cafion. 
This has resulted in a deep embayment in the wall opposite the 
American falls. The widening occurred partly from the action 
of the water flowing onward over the western shelf (as it does 
at the present time over the Goat island shelf) after the backing 
of the waters in the gorge due to the blockading at the Whirl- 
pool rapids. 

At the Whirlpool rapids and Whirlpool outlet the descent 
is fifty-nine feet, and twenty feet more at Foster rapids. Be- 
low this section the descent of the river is nearly twenty feet 
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more. The channel at Whirlpool rapids was in part refilled 
upon the recession of the falls above this section; but the 
final blockading, which has given rise to the rapids, has 
occurred at a very late date, by the falling of the precipitous 
cliffs overhanging the narrow gorge. Theoretically the 
depth of the Whirlpool outlet should be 100 feet, but this 
is probably lessened by a collar such as appears in the constric- 
tion of the cafion at this point. There is a counterpart to this 
supposed structure in the remains of the neck at Wilson point 
on Foster flats. But most of the barrier is probably formed of 
rocks which have fallen into the channel to a considerable depth, 
so diminishing the section of the river as to produce a fall of 
seven or eight feet at the mouth of the Whirlpool. From the 
Whirlpool to Foster, the great cataract fell 240 feet, with the 
river surface forty feet higher than now. The height of the 
Whirlpool would have been the same, had not the loose material 
been quickly scoured out with the formation of great rapids. 
At Foster flats the river is impeded, but here the masses come 
sufficiently near the surface to give rise to other rapids. The 
rise of Lake Ontario, reducing the current, has been favourable 
to their formation. 

The effective height of the falls before they reached the 


head of Foster flats is given on 355 and following pages. 


FORMER CHANGES IN THE HEIGHT OF NIAGARA FALLS. 


The present descent from lake to lake is 526 feet. As the 
Erie level was about the same as to-day, the height of the falls 
from Hubbard point northward was from 260 to 280 feet, while 
the Whirlpool rapids were not yet raised to their present ‘level. 
Indeed, the level of the river, except temporarily in the vicin- 
ity of the Whirlpool and above Hubbard point, has corres- 
ponded approximately to the elevation of Lake Erie since the 
birth of the falls. The changing height depended upon that of 
Lake Ontario. The inferior height of the water between Hub- 
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bard point ana the falls was caused by the river taking possession 
of the deeper pre-glacial Falls-Chippawa channel, which was 
reopened when the falls had removed the obstructing rocky 
barriers at Hubbard point. Great changes have occurred in the 
Ontario levels, and these have produced variations in the descent 
of the different component cataracts of Niagara falls. 

When the drainage from the Erie to the Ontario basin was 
first begun the river gradually worked its way among the 
irregular hills, and when it became fully established the two 
lakes were at almost the same level; but Ontario suddenly 
sunk a few feet. Iragments of the old river floor are found 
now forming terraces which were covered by two or perhaps 
four feet of water. The first of these terraces marking the sub- 
sidence of the Ontario waters was the Roy, terminating in the 
delta just below Brock’s Monument, the terrace of which is 287 
feet above Lake Ontario (page 199). 

The next lowering of the Lake developed the Eldridge flat 
at 200 feet; another drop was to the Bell terrace 174 feet; then 
to the Iroquois beach 137 feet, afterwards another to about 
seventy-five feet; while one or two others occur at still lower 
planes above the present lake level. This subsidence of the 
Ontario waters continued even to below the present level, until 
eventually a channel 183 feet below the modern surface of 
Lake Ontario was produced (page 73). Then the descent from 
lake to lake was nearly 509 feet as now discovered; but the 
bottom of the deep channel is doubtless concealed by river 
deposits, so that the depth which would naturally be taken for 
the water in the channel may be quite provided for without 
greatly diminishing this height. But let us assume that the 
descent was 500 feet in place of 326 feet as to-day. 

However, this increased height was added to the effective 
power of the third cataract only, and in the making of the ex- 
tended channel below the end of the gorge for a distance of 
nearly twelve miles. It never produced any acceleration of the 
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recession of the main cataract, for by the time the third cataract 
had receded a mile and a quarter within the gorge, the waters of 
the lake had risen and drowned the newly made deep channel, 
and this was long before the junction of the Medina cataract 
with the main falls. The amount of this rise is not absolutely 
determined for such would require the actual establishment of 
identity between the apparently corresponding terraces of the 
St. Lawrence and Niagara rivers.. It is quite probable that the 
St. Lawrence terraces may dip and pass under the lake, in which 
case even the Lower Niagara terraces belong to the original 
subsiding of the river, except that one fringing the mouth of 
the river at a height of five feet more or less. This uncertainty is 
immaterial, however, as the recession of the falls can be deter- 
mined from the upper cataract alone, although at one time or 
other, three falls existed in place of the great one of to-day. If it 
were not for this fact it might be hopeless to attempt to disting- 
uish the work performed by the river during all the minor epi- 
sodes of changing heights. However, the recession of Niagara 


falls during all the stages can now be determined. 


VARIATION IN THE VOLUME OF THE WATHR. 


The approximate discharge of Niagara river is now known. 
The volume may vary, by a large per cent; thus on October 
7, 1858, it reached 292,000 eubie feet per second while on 
February 28, 1902, it fell to 158,500 cubic feet per second 
(page 255). So, also, there have been great variations between 
different years; while the average volume between 1891 and 
1905 was 204,000 cubic feet. 

While low water was observed in earlier fragmentary re- 
cords between 1830 and 1854, on account of the lowering of the 
outlet there is no suggestion that the former levels will rise 
again, though they greatly vary. The mean rainfall for the 
years 1891 to 1905 was somewhat less than formerly, but for 
1901 to 1905 it has increased again to beyond the earlier 
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amount. From all possible conditions the mean discharge of 
1891 to 1905 is the best measurement of the whole time. 

It was previously stated that the volume of Niagara had 
been increased when there were glaciers on the Canadian high- 
lands, which melted and carried waters from beyond the lake 
basins into the river.* But on finding that Huron did not empty 
into Erie until a late date, when there was no glacial discharge 
here, it has completely refuted this theoretical increase of water 
to the Niagara and establishes the fact that Niagara river was 
very much smaller than now (Chapters x1v. and xxvrt.), on 
account of receiving only the Erie rainfall, which lasted from 
the birth of the falls until Huron drainage was finally turned 
into it, which was the Erie Stage. 

Some time after the addition of the Huron waters, there 
was the slight diversion of the Michigan drainage by the 
Chicago overflow to the Mississippi. . This partly reduced the 
width of the Niagara gorge from 1,200 feet so that the river 
sunk into the pre-glacial shallow depression at the Whirlpool 
rapids, and restricted the width of the cafion here to 800 feet 
or less, with very little water flowing over the adjacent floor of 
the river outside the gorge. Even if the relative width of the 
broader gorge be compared with that here, the diversion would 
be less than a third of the volume. But as the water was with- 
drawn only from the shallower part, the diminished volume 
could not have been go great. Indeed, this diversion alone would 
not have narrowed the cafion, (as a volume of only seven per 
cent of that of the whole river at the American falls shows now 
a breadth of a thousand feet). 

From the volume of the Niagara river the history of the 
falls may well be divided into two epochs; the one when the 
Erie basin alone supplied the water, and that when all the 
Upper lakes emptied by way of the river. 


*Proc. A.A.A.S. Vol. XXXV pp. 222-223, 1887. 
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DIFFERENTIAL DISCHARGE FROM THE ERIE BASIN. 


The Erie stage was one of long duration. What then was 
the volume of the river? While the proportional area of the 
Erie basin is 16 per cent of that of the four Upper lakes, and 
the rainfall of the same is 17‘7 per cent (page 221, Chapter 
xvit.) it might be concluded that the former volume of Niagara 
river could be taken at one of these figures. But there is greater 
evaporation here than in the Upper lakes, so that according to 
the rainfall measurements the differential volume should be 
slightly reduced. This question has been carefully considered 
both by Mr. Russell and myself (page 252). His conclusion 
is that the differential discharge of Lake Erie is approximately 
16-7 per cent of the four Upper lakes. I have.derived that of 
the Erie from fluctuations of the lakes during the years 1891- 
1905, and find that the Erie stage of the lake was only 15 per 
cent of the present overflow. This problem of determining 
the value of the Erie overflow has at last been satisfactorily 
solved in Chapter xx. Accordingly, in my computations, this 
discharge of the Erie basin will be taken as the percentage of 
that of the four Upper lakes. The question arises: What pro- 
portion of the gorge has been excavated during the Erie and 
modern periods ? 


LAWS OF EROSION. 


According to mathematical laws, erosion is proportional to 
the height of the falls and the volume of the river, provided 
other conditions remain constant. The volume is apt to be 
greater at one point than at another; thus producing a deeper 
central channel which again may be widened by the falling in 
of the sides owing to undercutting. The débris may be so aceu- 
mulated as to protect points of contact where the water im- 
pinges on the bed of the river, not to speak of the changing 
character of the foundations of the channel. This then leads 
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to the examination of the nature of the formations through 
which the falls have exeavated their trench.* 


CHARACTER OF THE ORIGINAL RIVER CHANNEL. 


Throughout the cafion section of the Niagara river, except 
at the Upper rapids, at Hubbard point, just below the Whirl- 
pool, and above the end of the gorge, the course of the river is 
over a mantle of drift material. From the Upper rapids to 
Hubbard point the course is that of a-pre-glacial channel filled 
with drift, which, wpon the recession of the falls past that point, 
was removed so as to expose the underlying rock with the slop- 
ing side of the buried Falls-Chippawa valley, which valley be- 
came the floor of the Upper rapids only after they had passed 
Hubbard point, 8,000 feet below the present site of the falls. 
The rocky barrier at the outlet of the Whirlpool remained 
intact, causing the ancient Whirlpool channel, which was pre- 
glacial, to retain its drift filling material. But upon the falls 
breaking through the side of the pre-glacial gorge, the drift 
was gradually washed out. 

Above, at the Whirlpool rapids, there was a shallow channel 
which deflected the currents into a narrow gorge, resulting in 
the present constriction of the chasm when the surplus water 
flowing over the lateral floor was lowered by the Chicago 
drainage. <A very important resuit of the present survey is the 
establishment of the fact that the gorge at the Whirlpool rapids 
was excavated out of solid rock, and that the pre-glacial valley 
of great depth did not reach any nearer the falls, although it 
extended into the Whirlpool. 

Below the Whirlpool, the river crossed a slightly elevated 
rocky barrier, and also another near the end of the gorge, 
between which was a pond-like expansion of the river, with a 
low island, to both of which features Smeaton ravine is due. 


* The erosion varies with tae mass and square of “clone ({M v4), v= 
2 g h (gravity and height). As the gravity is cancelled out, the erosion 
is found to vary directly with the volume and height. 
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The effect of the topography was one generally favourable 
to a uniform recession from the end of the gorge to the mouth 
of the Whirlpool. From here to the middle of the gorge, at 
Sinclair point, 800 feet, there was only a drift-filling, so that 
the time of re-excavation was negligible. From Sinclair point 
to the head of the eddy the excavation by the falls, com- 
mencing in drift material, reached the mean breadth, but 
became restricted to a narrow channel wherein the force of 
the water was concentrated after the partial diversion by the 
a condition favourable to rapid deepening 


Chicago overflow 
of the channel, but on the other hand its narrowness afforded 
greater resisting strength to the excavating forces. So it is im- 
probable that any important change in the variation of rate 
can have occurred, as waters from only the lateral portion of the 
channel were diverted from the Niagara discharge. In the 
meanwhile the size of the outer channel, which in this section 
was fully as wide as that of the channel above and below, was 


nearly drained. 
EFFEOTS OF FALLS-CHIPPAWA VALLEY UPON THE RECESSION. 


At Hubbard point the capping thickness of limestone was 
increased, but south of that point it was again reduced in thick- 
ness, on account of the superficial depression. 

As the falls were receding southward from Hubbard point 
the channel was constantly being deepened as the drift was 
washed away, for the Falls-Chippawa valley has a gradient 
becoming lower on proceeding southward (page 165, Chapter 
xim.). Thus it would seem that the work of the falls was 
somewhat accelerated. However they are now at the point 
where the reopened valley is becoming buried, with the crest 
line turning from its recent course and commencing to ascend 
the side of the ancient valley, thus giving rise to the Upper 
rapids in place of the advancing crest continuing in the pre- 
glacial valley. 
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Along this course the falls are constantly encountering a 
thicker layer of capping Niagara limestone, which at the same 
time, on account of its dip, is reducing the height to which the 
underlying shales rise. This gives a stronger and more resist- 
ing structure. <A large part of the late reduction in the reces- 
sion is probably due to this feature. So, also, in the future I 
should expect the rate of recession to be retarded until the falls 
shall have passed the line of the Greens or First cascade. After 
that the Upper rapids will gradually be lowered on the channel 


eutting through the hard rim. 
RECESSION OF AMERICAN FALLS. 


This is very slow, amounting to about 0°6 of a foot per 
annum. ‘The volume is taken at only about seven per cent of 
that of the whole river, but this amount subtracted from 
the main cataract might be expected to somewhat reduce the 
rate of recession of the greater falls. The American falls 
descend on an accumulation of dislodged blocks, so that they 
are not deepening the channel. 


EFFECTS OF THE ROCK STRUCTURE. 


To some extent the recession of Niagara falls is accom- 
plished by the wedging off of the upper layers along the margin 
of the crest (page 35). More than this the currents of the 
Upper rapids are producing but little effect except by dissolving 
out and opening up lines of joints, thus facilitating the attack of 
the powerful currents on the frontal masses of limestone rock. 
Otherwise the recession is accomplished by the undercutting 
in the soft shales which form the base of the walls of the gorge. 
As has been found from soundings, throughout a considerable 
portion of the breadth of the gorge, the present forces of 
the river are not breaking through the hard Medina sand- 
stones which lie nearly ninety feet below the surface of the 


river. The soundings under the great cataract show that their 
23 
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excavating power does not exceed 80 to 100 feet. Below the 
Goat island shelf, the gray sandstone has been penetrated to 
a great depth. Where the forces of the falls were greatest they 
not merely pierced this hard Medina gray sandstone, but they 
reached to the deepest sounding, which, however, was only ac- 
complished when the level of the river was lower. As great 
masses of rock have fallen on the higher shelf since the first 
surveys were made it is quite probable that some of these are 
still remaining and protecting the higher shelf beneath the 
eighty feet of water. 

The formations have a remarkably uniform character 
throughout the gorge, but the Medina gray sandstone is still 
below the surface of the river until reaching to the mouth 
of the Whirlpool. The depth of the river above Cantilever 
bridge is 186 feet or far below the zone of the sandstone. In 
the Whirlpool rapids the channel reached an equal depth, 
though it has since been refilled by the rocks which have fallen 
from the sides of the gorge (page 149). The Whirlpool is also 
deep. Accordingly the river above this point has a channel 
uniformly extending to about ninety feet below the level of Lake 
Ontario, showing a very constant penetrating power for the falls, 
below the Goat island shelf, as far as the Whirlpool. 

All these features concern the Niagara river during its 
modern history. The rock structure beyond this point does not 
affect the recent history, as all the harder beds lie at a con- 
siderable height above the river. While the limestone founda- 
tion of the upper river has been variable, on account of topo- 


graphic features, it grows thinner at the end of the gorge. 


HEIGHT AND VOLUME OF THE FALLS AT THEIR BIRTH. 


Upon Lake Ontario subsiding below the level of Erie there 
was a sudden drop of about thirty-five feet. Then a terrace 
was formed which now has a length of 900 feet, extending up- 
ward along the river. The northern projecting end (450 to 500 _ 
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feet), beyond the line of the ‘mountain,’ is covered by a delta 
deposit formed by the river accumulations covering the under- 
lying beds, while the more southern 450 feet are cut out of rock 
formation as shown in Plate xxvirr. The falls then, at their 
birth, had a height of thirty-five feet, and the episode lasted 
sufficiently long, so that the incipient cafion commenced to be 
formed. Of the distance of 450 feet which might be assigned 
to it, a portion seems due to the older topographical depression 
in the edge of the escarpment. As the river was falling into 
the lake, wave action as well as river currents prevailed; 
accordingly the excavation due to the falls does ont equal the 
above amount, while the delta deposit extended the length of 
the terrace. Here the capping of the Niagara limestone was 
entirely removed, and the floor of the terrace was superimposed 
on Niagara shales. This water level was of considerable dura- 
tion as the well-defined shore line west of the gorge proves (page 
197). Upon the withdrawal of the lake waters, there seems to 
have been a short pause allowing for the structure of another 
subordinate terrace. 

The breadth of the river may have reached 1,400 feet, 
though this width might have to be reduced before the subse- 
quent falling of the walls on the eastern bank. The average 
depth of the water at the modern American falls is taken at 
1:5 feet, and its volume does not exceed seven per cent of that 
of the whole river of to-day. The original river having a 
greater breadth than that of the American falls, and larger 
volume of water (fifteen per cent) the Niagara falls at 
their birth should have had a somewhat greater depth of water 
than the smaller American cataract of the present day. 

The terrace showing height of Niagara falls at their birth 
is seen in Plate xxvitt., page 199. This being densely wooded, 
the terrace form is not seen so well as when examined on the 
ground. 


This is the first time that the original falls have been des- 
234 


356 FALLS OF NIAGARA [Geol Surv- 


eribed, although an uncorrected estimate of the volume of the 
river was announced in 1894.* 


INCREASING HEIGHT OF NIAGARA FALLS AND ESTABLISHMENT OF 
A SECOND CATARACT. 


The waters of the Ontario basin suddenly sunk to a level 
200 feet above the present lake surface. This exposed above 
the river level the thick band of Clinton limestone, the height 
of which on the western side of the river is 240 feet above the 
modern lake level. Thus was established the second cataract with 
a height of forty-five feet. Then for a time the upper cataract 
descended upon the Niagara shales overlying the Clinton band 
until the shales were removed, so that the upper falls had e 
height of about eighty-five feet, cascading directly upon the 
hard bed of Clinton limestone (longitudinal section figure 27). 


On account of the superior height of the upper falls, and 
the less resistant material of shales, they receded faster than 
the secondary cataract, and in this way became well established 
in advance of the Clinton falls before the Ontario level fell 
below the Eldridge flat. 

When this.upper falls had receded to Smeaton ravine, about 
4,000 feet from end of gorge, a cross-falls was produced by the 
small stream passing behind the island in the river just above. 
But the main upper falls receded a long distance, probably 
3,000 to 4,000 feet more, to the turn of the gorge, before the 
Smeaton stream was completely drained, when the cross gorge 
had reached a length of 500 feet. In the meanwhile the second 
cataract had reached to the Smeaton ravine, and it too was cut 
back in the Clinton beds beneath the present talus slope of the 
little cafion, for a length of about 200 feet, or about fifty feet 
within the line of the brow of Niagara gorge. It descended 


vertically upon the Medina red sandstones and shales about 


** Duration of Niagara falls,’ p. 464. 
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thirty-five feet and then the floor sloped, forming rapids in all 
to some fifty feet, showing that the secondary cafion was made 
while yet the level of Lake Ontario was at the Bell terrace (as 
all the lower beds to the Medina gray bands were easily eroded) 
or at most had onty just sunken to the Troquois level. Thus I 
have found preserved interesting records of the intermediate 
history of the upper falls, and of the recession of the second 
cataract, during the middle of the long Erie stage of the Niagara 


falls. 


SURSIDENCE OF WATERS TO THE BELL TERRACE. 


This was a drop of only twenty-four feet to a level 174 feet 
above the lake, thus only slightly increasing the intensity of 
the secondary falls, which was still inferior to the upper one. 
The lake remained for a long time at this level, as a strongly 
marked shore line is seen in front of the Niagara escarpment 
(see map figure 24, page 198), and until the secondary falls 
had receded to Smeaton ravine, as above described. However, 
upon the characteristics of the upper falls alone, depends the 
determination of the work of the Erie stage. 


TROQUOIS SHORE LEVEL. 


Again a sudden subsidence lowered the lake to the Iroquois 
beach with the water surface 135 feet above the modern level. 
The Iroquois beach indicates an episode of long duration, and 
is the most important in the history of the early Niagara river. 
The upper and intermediate Clinton falls continued separate, 
with the conditions still favouring the more rapid recession of 
the main cataract. As the falls receded, eventually the upper 
cataract had a height of 120 feet at Foster flats; the lower one 
also gained in height to 120 feet on their reaching the same 
locality, but this did not obtain until long after the Iroquois 
level was abandoned by the lake, and the third cataract had 
come into existence. The breadth of the river in the upper 
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channel was much greater than in the lower, where, conse- 
quently, the water was deeper. 

A characteristic of the Bell and Iroquois episodes, united, is 
to-day seen in the wider talus slopes along the sides of the 
gorge, indicating their slower formation at a higher base level, 
and in the narrower channel which has since been more rapidly 
trenched through the older by the subsequent scouring during 
the later rapid stages of the river. This is the condition seen 
from the end of the gorge to the foot of Foster flats. 


UNION OF THE TWO UPPER CATARACTS AT FOSTER FLATS. 


The floor of Foster flats was unquestionably a river bottom. 
I must conclude that the level of the lake was receding below 
the Iroquois plane, before the time that the secondary falls 
were at the lower end of Foster flats, thus lowering the Niagara 
river. Such was necessary for the gaining of the secondary 
falls upon the upper while passing this section of the canon. 
The computed depth of the river was about ten feet. The in- 
creased rate of recession of the secondary cascade continued 
until it reached Wilson point, where the two cataracts finally 
united. The floor of the river above here is such as to show 
that the descent of the united falls from floor to floor was 240 
feet—or the same as that of the two separated cataracts just 
below Wilson point, showing that the flats had not yet been 
broken through. From this height, however, must be deducted 
an increased depth of the water upon the upper end of the flats 
then retarded behind the higher spur of Wilson point. 


MEDINA OR THIRD FALLS AND THEIR GREAT HEIGHT. 


With the subsidence of the water below the Iroquois plane 
the Medina falls came into existence at the mouth of the 
gorge. They descended from a capping band of sandstone, 
twenty feet or more in thickness superimposed upon soft 
shales. The rate at which these falls could recede depended 
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largely upon their height acting upon the shales. The subsid- 
ence of the Ontario waters was more or less rapid and eventu- 
ally reached 320 feet below the sandstone band. This height 
resulted from a withdrawal of the lake for a distance of more 
than eleven miles. Although a great mass of the shale had 
now to be removed, its thickness, which was penetrated below 
the end of the gorge, did not exceed 225 feet, while far- 
ther down it was very much diminished, as the upper sur- 
face of the new country was composed of drift materials. The 
work of the third cataract and rapids was largely expended 
in cutting through the plains below the escarpment. The exca- 
vation of this trench in such material was, therefore, relatively 
very much more rapid than those of the Niagara and Clinton 
channels. Both of these were underlaid by hard beds of lme- 
stone beneath which were shales aggregating a much less thick- 
ness, and among them were some more resisting bands. While 
the lower reaches of Niagara river channel were being ex- 
cavated, the Medina falls were also rapidly cutting their way 
back, removing the floor below the Clinton cataract, so that all 
now left of it are the plains of Foster flats. 

The narrowness of the deeply drowned inner channel at the 
end of the cafion is an indication that the Huron drainage 
had not yet turned into the Niagara, as indeed this was the 
case until after the Medina falls had passed above the 120 
foot sounding half a mile within the gorge. The general earth 
movement which has since tilted the land had not then begun 
to affect the river, as the drowned cataract (or rapid) situated 
above this point is shown by even the few soundings taken. 
The head of the third or Medina falls at greatest develop- 
ment is not definitely known for want of intermediate sound- 
ings. While it seems to have been situated just above the point 
of 120 feet sounding, it may possibly be found farther up the 
river, below the place where the sixty-three foot sounding was 
taken, which is a mile and a quarter above the end of the 
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cafion. The lowest falls continued to be reduced in height, 
owing to the warping which began to show its effects upon the 
river by causing the waters to back into the channel and 
prevent its further deepening. Finally even these rapids, dis- 
covered in the deep soundings, were drowned. 

The increased height during the episode of the Medina falls 
was favourable to the shallowness of the river above, in rapidly 
drawing off the water from the floor of the Clinton falls, on 
Foster flats. The drowned rapid just mentioned shows that 
the Medina falls had not receded so far, with a lower descent, 
as to penetrate Foster floor, which occurred long after the time 
when the upper united cataracts had receded past this section of 
the canon. As the history of the upper cataract can be deter- 
mined, it is immaterial whether the exact time and place when 
the upper falls were joined by the lowest or Medina falls be 
determined or not, for while the upper were retreating, the 
lower were accomplishing their work in extending the river 
channel nearly twelve miles beyond the end of the gorge, and in 
deepening the end of the cafion for only a distance between half 
a mile and one and a quarter. 

In the earlier part of the investigations it seemed as if 
these different stages would increase the difficulty of solving 
the Niagara problem, but after finding the point of union of 
the Niagara and Clinton cataracts this disappeared, as also that 
of explaining the depth of the river channel which is some- 
what shallower below Foster flats than above them, and in both 
sections much shallower than in the channel above Whirlpool 
outlet. The depth of the channel at Foster rapids does not 
require to be so great as the river above for the trench through 
the flats is of later date, and need not have reached to the ful} 
depth of the channel above. 


INCREASED VOLUME OF NIAGARA AT FOSTER FLATS. 


From the penetration of the floor of the gorge to a great 
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depth, immediately above Foster flats, it is found that when 
the falls reached here, there was a great addition of volume, 
especially as there was no increase in height. (See Chapters xiv. 
and xxvir.) The amount has been calculated, showing that the 
addition was from fifteen to one hundred per cent. This aug- 
mentation arose from the Huron discharge being now added to 
that of the Erie. From the characteristics of the gorge it has 
been found that there has been no material change in the 
volume of the river since the falls receded from a point at the 
head of Foster flats, except a temporary partial diversion, when 
‘Niagara falls were receding past the Whirlpool rapids section. 


EFFECTIVE END OF MEDINA FALLS—SHALLOWER CHANNEL 
BELOW WHIRLPOOL. 


Upon the increased discharge of the river, cascading upon 
the floor where there was relatively little backwater, it became 
possible to excavate a channel to the depth of about 140 feet 
beneath the river surface above the upper end of Foster flats. 
Indeed this would be the excavating power for the height of the 
falls in this locality. That this was the case is shown by the 
soundings below the Whirlpool and at the Whirlpool, the former 
reaching ninety-nine feet below the surface of the river or about 
135 feet below the floor of the flats; while at the Whirlpool, 
whose surface is seven or eight feet higher, the depth is about 
forty feet greater. The depth of the channel below the outlet 
of the Whirlpool is fifty-nine feet beneath the level of Lake 
Ontario; that in the river adjacent to the Whirlpool has been 
measured to seventy-nine feet without reaching the deepest 
part, while at the Cantilever bridge, and above, it is found to 
be eighty-seven feet, and at another point ninety-two feet below 
lake level, without allowing for the gradient of the bottom of 
the channel. The floor above the flats was broken into by 
the force of the augmented falls, at 600 feet above Wilson 
point, long before the Medina falls had trenched through the 
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lower part of the flats. With the rapidly receding Medina falls 
cutting through the flats, by the time they had reached the 
outlet of the Whirlpool a lowering of the river by thirty or forty 
feet occurred, thus allowing the corresponding deeper excava- 
tion of the channel at the Whirlpool and above. 


' At first one is inclined to attribute the greater depth of the 
river above Whirlpool point to the occurrence of a pre-glacia] 
channel, but, as shown by the borings at Cantilever bridge, this 
did not obtain, and yet nearly the maximum depth of the trench 
is found by the still incomplete soundings. Accordingly such a 
pre-glacial channel would not satisfy the whole case. However, 
this explanation regarding the time of the Medina falls cutting 
through Foster flats and lowering the river above fulfils all 
conditions. Indeed the newness of Foster channel is manifest, 
and this explains the greater depth of the river above them than 
below. It is not necessary that the channel at Foster rapid 
was ever as deep as the river above, though deeper than now, 
before the refilling by the blocks which have fallen into it, 
making the swift rapids around the flats which barricade the 
middle of the cafion. Indeed the Medina falls may be consid- 
ered as not entirely ended, but represented by the descent of 
some seven feet at the mouth of the Whirlpool. 


INCREASED EFFECTIVE HEIGHT OF FALLS ABOVE FOSTER FLATS. 

As to the height of the united falls above Foster flats, it 
continued much the same as at the time of their union until 
reaching the Whirlpool, 240 feet. With the subsequent lower- 
ing of the barrier at Foster flats the descent of the river in- 
creased to from 260 to 280 feet, when they reached Hubbard 
point. Then the conditions of recent date began, with an 
effective descent of 180 feet together with sixty feet for most 
of this distance to the present site, due to the absence of rapids 
below. 
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CONCLUSIONS AS TO THE STAGES OF RECESSION. 

Niagara falls at birth were thirty-five feet high. They 
formed a broad shallow sheet of water having fifteen per cent 
of the present volume of the river, cascading directly into the 
lake, producing a valley rather than a cafion, with ulti- 
mately a length of 450 to 500 feet. But part of this indenta- 
tion was of older date, later modified by the accumulation 
of a terrace deposit, so that the actual cafion due directly to 
the falls had a length somewhat less. Upon the lowering of 
the Ontario waters the falls increased to a height of 120 feet. 
This established a secondary falls from the Clinton limestone. 
Then the lake leyel dropped so that the two cataracts had a 
descent of 150 feet during the Bell stage, which was of con- 
siderable duration. Later, during the Iroquois level, the river 
descended 190 feet. This epoch was still longer. The 
upper cataract in its later days fell 120 feet, though during an 
intermediate stage it was somewhat less on account of the 
dip of the strata, but the mean height was 105 feet. These falls 
receded one before the other to Foster flats, and before the time 
that they reached the lower end, the sum of their height was 
increased to 240 feet, reduced, however, by the depth of the 
river. This was after the lake level had begun to recede 
from the Iroquois plane. 

Then a,third or Medina fall appeared which at one time 
had a descent of 320 feet. All the cataracts continued to recede, 
and when the two upper ones reached a point 600 feet from 
the head of Foster flats they were united, but still there was the 
small volume of water, and a descent of 240 feet. Now was 
added to it the additional discharge of Lake Huron, since 
which time, except temporarily, it has continued to receive the 
full volume of 100 in place of-fifteen per cent. The third 
Medina falls did not penetrate to Foster until the upper united 
cataract had reached the outlet of the Whirlpool. While pass- 
ing the Whirlpool the only work for the river was that of clear- 


364 FALLS OF NIAGARA ERR 


ing out the glacial débris. At the Whirlpool rapids the river 
was partly concentrated into a narrower pre-glacial channel, 
with a somewhat greater effective head of water but with greater 
resistance from the narrowness of the channel. At the same 
time minor portions were drawn off by way of the Chicago out- 
let. Above the Narrows of Whirlpool rapids, the river being 
no longer directed by the pre-glacial channel and again receiv- 
ing the full volume, the falls were increased in breadth and 
continued to recede to Hubbard point under a head of 260-280 
feet. Later this was reduced in retreating through the Falls- 
Chippawa trough to 240 feet. At. Goat island shelf subse- 
quently this superior head of water was reduced by the partial 
filling of the rapids, raising the upper reach of the river fifty 
or sixty feet. This completed the reduction of the great falls, 
less than 300 years ago, to their present height. 
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CHAPTER XXXIII. 


AGE OF NIAGARA FALLS. 


Episode of the modern stage. Former conjectures ag to the age 
Duration of Erie stage. of Niagara falls. 
Total age of the falls. Date of Accession of Huron waters 


to Niagara falls. 


EPISODE OF THE MODERN STAGE. 


It is necessary to read backward. The falls have lately 
been receding at 4-2 feet per annum, that is since passing the 
angle of Goat island, a distance of 1,100 feet; this with an 
effective descent of 180 feet, would require 260 years. 

Thence northward to a position after the falls had passed 
Hubbard point, a distance of 6,200 feet, with a mean effective 
aescent of 240 feet (that is with a water level sixty feet lower 
than at present, which is only 180 feet beneath the bank since 
the raising of barrier at the Whirlpool rapids), and at the pro- 
portional rate of 5-6 feet per annum, the required time would 
be 1,100 years. 

Beyond this section, to near Sinclair point at the head of 
the Whirlpool, a distance of 10,200 feet (where the old river 
floor is 316 feet above Lake Ontario, as seen in the old banks, 
and the river surface reduced to that below the outlet of the 
Whirlpool level) there was an effective descent of 260 to 280 
feet, which represents a mean rate of recession of 6-5 feet a 
year. No appreciable time has been allowed for the falls passing 
a few hundred feet of the buried Whirlpool valley, which being 
filled with drift was quickly re-excavated when the falls were 
at this point. The time required for the recession in this sec- 


tion is found to have been 1,570 years. 
367 
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From the Whirlpool to the head of Foster flats is 3,200 
feet of distance. The effective head of water was 240 feet 
(from the floor of the river at Wintergreen terrace to the floor at 
the head of Foster flats before the Medina falls had penetrated 
them). With the proportional rate of 5-6 feet-per year, the 
time for the recession of the falls. This section is computed 
to have been 570 years. 

All these components indicate that the time required for 
the recession of the falls from Foster flats to the present site 
has been 3,500 years. This is also the length of time which 
has elapsed since the overflow of Lake Huron into the Niagara 
drainage. 

Some modifications of this general result might be claimed, 
as the volume of the American falls (seven per cent) was 
not included. If seven per cent be added, this correction would 
shorten the time by 200 years. On the other side, if allowance 
be made for a diversion of a quarter or third of the water to the 
Chicago overflow, it would increase the time by 150 to 200 
years, yet this appears to be too large an allowance. Again, the 
volume contracted within the pre-glacial shallow valley at the 
Narrows of the Whirlpool rapids, would cause a reduction of 
height by 80 to 40 feet, which would also increase the age 
by nearly 100 years. » These are the principal variations, and 
may be included in the general estimates, as they are found to 
compensate each other. If others be found they can be only 
relatively small. 


DURATION OF THE ERIE STAGE. 


The Erie stage of Niagara was one of long duration. From 
the head of Foster flats to Wilson point is about 600 feet. The 
united falls with a height of 240 feet, but with volume only 
15 per cent of that of the present time, required for receding 
this short distance, about 700 years. 


Now working upward from the head of Roy terrace, near 
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the mouth of the gorge to Wilson point is 13,300 feet. The re- 
cession of the upper cataract eventually reaching a descent of 
120 feet, compared with a recent effective descent of 180 fect 
would be equivalent to 2-8 feet a year for the present volume 
of water. But with the discharge of 15 per cent the recession 
would amount to only 0-42 feet per annum. This rate would 
require 31,600 years. These are the proportional values based 
upon secularly uniform conditions, but here is an inaceuracy. 
The total height of the Upper falls at the end of the long epoch 
is used, (120 feet) in place of the mean of 105 feet; the reason 
for this being, to make allowance for one or two small factors 
tending to shorten the time. One of these is the omission of the 
equivalent volume of water diverted to the American falls. 
With the mean descent of 105 feet this would increase the time 
to 36,000 years, but allowing for the proportional part of the 
volume now going over the American falls it would be reduced 
to 32,600 years, thus leaving a thousand years for the accelera- 
tion of recession due to the thinner capping limestones at the 
mouth of the gorge, while the volume of the river was small. 
The thickness of the underlying shales is constant. As I have 
found the character of the falls during the middle portion of 
this long stage, these corrections will approximately cover the 
ease, although their precise amounts are not determined more 
closely. I do not believe that the apparent error will ever be 
found to reach ten per cent, with the rainfall during the reces- 
sion being approximately the same as at present. 

The Roy terrace shows a not inconsiderable duration of the 
little falls. With the descent of only 35 feet, and the 
volume of 15 per cent, the proportional recession would be 
equivalent to about one-eighth of a foot per annum. The ter- 
race here is strongly marked, as is also seen farther west 
(page 201), yet on account of a slight indentation in the face 
of the escarpment it is somewhat difficult to determine what 
proportion of the 450 or 500 feet of the valley was entirely 
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due to the falls. There was a joint river and wave action for 
a time, as the falls cascaded directly into the lake with a delta 
deposit of 300 to 450 feet built up in front. The capping lime- 
stone was also thinner. The rate of recession should be in- 
creased above the proportional amount. Under these conditions, 
the new channel, if reduced to 400 feet in length, would seem 
to give a fair allowance for the work of the falls during the 
first episode; thus requiring about 3,200 years. 


TOTAL AGE OF TILE FALLS OF NIAGARA. 


All these computations together, which bring Niagara out 
of the realm of speculation into one of inductive science, gave 
a total of 39,000 years as the age of the falls. During the first 
35,500 years occurred all the great changes of the lowering of 
the Ontario waters from 320 feet above, to 180 feet below, the 
present height, and the return to the modern level. The 
lake level was nearly stationary for long episodes, when the Iro- 
quois and Bell terraces were formed, and for shorter ones, 
during the making of other shores. If Mr. Russell’s discharge 
value for the Erie basin be applied the result would be about 
3,500 years less. This cannot be regarded as a serious dis- 
crepancy, that would discredit the general results, and it comes 
within the limit of ten per cent error. The Huron discharge 
was added to the Niagara 3,500 years ago. The falls passed 
the Whirlpool about 3,000 years ago; and the temporary diver- 
sion of some water into the Mississippi occurred between 2,000 
and 2,500 years ago. 

The age of the Falls of Niagara, which are post-glacial, 
is one of the great questions of geology having a world wide 
interest. The complexity of their history, which meets one on 
investigation, disappears in applying precise methods and 
carrying them sufficiently far. It was principally due to a 
failure in understanding the nature of the differential uplift 
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of the land, and tilting of the water-basins, so as to change 
the height of the falls and their volume; and to previous fail- 
ure in making the determination of the work of the falls at the 
different stages in their history. 

There need be no suspicion that underlying hypotheses have 
been developed, as I had none to uphold, except what might 
come from the facts inductively. The problem has been a long 
one to solve, so that no one who has not at least examined the 
investigations is entitled to call in question the features of the 
falls, gorge, etce., as to their furnishing evidence in bringing us 
near the age of Niagara, even though he may be bewildered by 
the great mass of facts brought out by methods that had to be 
specially developed for this solitary problem. Had the question 
been as simple as Lyell supposed, this work would never have 
been undertaken. He divided the length of the gorge, guessing 
that the rate was a foot a year. At four feet, as measured, this 
long aecepted conjecture would be reduced to 9,000 years from 
35,000. Forty years after Lyell others thought this too much, 
also a conjecture, and so reduced the time to 7,000 years. A 
year or two later I found that only the Erie drainage supplied 
the early Niagara. It was this discovery by myself that caused 
opinion as to the age to be increased to a very long period; a 
tremendous step towards the determination of the true age, 
which however could not yet be established. Then I found 
the point where the falls were located when the old Erie stage 
ended, this was another step. The work of the Falls of Niagara 


along its whole course has now been made known. 


FORMER CONJECTURES AS TO THE AGE OF NIAGARA FALLS. 


Most of the estimates with regard to the age of Niagara 
have been simply conjecture. It was remarkable that one of 
these was made by Andrew Ellicott so far back as 1789, when he 
thought that the falls had required 55,440 years for the excava- 


tion of the cafion. Andrew Ellicott was a great observer. His 
244 : 
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deseription of the falls was but little inferior to that of Hall, 
fifty-three years later, which was one of the foundation works 
for subsequent studies. 

Until a second survey was made in 1875 no one knew the 
rate of the modern recession. Bakewell had allowed 12,000 
years. Later in 1841, Lyell assigned 35,000 years as men- 
tioned, and on aceount of the reputation of this authority 


it came to be generally adopted. After the measurements of 


1875, Dr. Julius Pohlman was probably the first to apply 
them to the question. However, he thought that the pre-glacial 
channel above the Whirlpool reached to almost the present site 
of the falls, and that the time required for re-excavation of 
more than half of the cafion was so inconsiderable as to he 
negligible, and that the gorge from its mouth to the Whirlpool 
was made in 3,500 years. This is the smallest estimate of 
the age of the falls ever made. In 1886, Dr. G. K. Gilbert 
presented the following formula :* 


Length of gorge 


Boe ee Rate of recession of falls. 

= Effect of antecedent drainage. 
= oe thinner limestone, 
thicker shales. 

=— : higher fall 

a floating ice. 


ae variation of detrital load. 
se = chemical changes. 
= changes of river volume. 
showing that the age was 7,000 years or less, adopting the maxi- 
mum in place of the mean rate of recession, which would have 
given 9,000 years. In his equation, all of the early determin- 
able modifications tended to reduce this estimate with a further 
lessening when he says: ‘The catchment basin was formerly 
uv 
extended by including a part of the area of the ice sheet.’ But 
he entirely ornitted the inferior height of the falls, which would 
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have increased the age, although this feature had been observed 
long before in the high beaches at the mouth of the gorge. In- 
deed the suggested shortening of the age of the falls, due to the 
increased height, did not occur, as the acceleration of the cat- 
aract thereby was expended on only the lower reach of the 
river. 

The supposed increased discharge of the Canadian glaciers 
was subsequently set aside upon the discovery that for a long 
time the Huron waters did not empty into the Niagara which 
diversion enormously increased the age of the falls. Although 
he had followed my changing physies to a remarkable degree, 
though scarcely mentioning me, yet after my computations, 
which were the first to be based upon these changes he endea- 
vours to dispose of my results by now mentioning my name and 
stating that he agrees with Mr. Taylor that ‘no estimate yet 
made has great value, and the best results, may perhaps be only 
a rough approximation.’+ The summary disposal also covered 
the opinion of Dr. Warren Upham (whom he mentions) who 
without taking the physical changes into account had assigned 
7,000 years as the age of the falls, wherein he followed Dr. 
Gilbert’s previous showing, that even this time was excessive. 
Later Mr. Taylor says that ‘revising our conclusions in the 
light of recent advances it may be said tentatively that 50,000 
years may be regarded as an approximate estimate of the ex- 
treme limit for the making of the whole gorge of Niagara 
falls, but it may have been as short as the estimate of Lyell’s 
(35,000 years),’ which was only a foundationless guess, for by 
his own method, with accurate measurements, the result would 
have been 9,000 years only, or ‘Spencer’s (32,000 years).’* 

The first computation of their age based upon the changing 
height of the river and former inferior volume was made by 
myself in 1894, with the result of giving the falls an age 


of 32,000 years. Even at that time it was not supposed to be a 


+ ‘Nat. Geog. Monograph, No. 7, Dp. 236, 1895. 
* Bull. Geol. Soc. Am., Vol. ix, p. 84, 1898. 
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final determination, as in the vicinity of the Whirlpool and 
rapids the physical changes were not well understood. More- 
over the discharge data were inadequate: so much so in fact 
that the present determination of the drainage of the Erie 
basin alone has been reduced considerably below that formerly 
used. Thus the duration of the Erie stage has now been 
greatly increased. At that time, too, the details of the upper 
levels of the lake shown in the Ontario beaches were not re- 
garded as of much importance, nor had the full significance of 
the records of Foster flats been appreciated. Nothing was 
known of the depth of the gorge except at one point. With the 
vast amount of light now thrown upon the subject, it is sur- 
prising that the former incomplete data should have so nearly 
balanced those of to-day. If the results had depended upon the 
history of the lower cataracts in place of the main upper falls, 
additional data would have been required, which might never 
have been obtained. 

Mr. Taylor, appreciating the changing conditions in the 
history of Niagara, but thinking Huron turned a second time 
into Erie when the falls were above Cantilever bridge, says it 
would give 2,700 years as the age of the gorge above this point. 
He further states that:—‘ There is good reason to believe, how- 
ever, that the rate was slower most of the time so that it would 
probably be nearer the truth to say that it has taken between 
5,000 and 10,000 years.’* 

Not merely because neither the former nor the present sur- 
vey has shown me any grounds for reducing the rate of recession 
in this section, but because it is a substitution of conjectures 
for reasonable induction, I must at once dissent from Mr. 
Taylor. The data may be defective, but his method is one of 
assumption not based upon the evidence obtained. Mr. Taylor 
recognized that no time estimate of the age of the Whirlpool 
rapids had an approximate value. On this point I agreed with 


* Bull. Geol. Soc. Am., vol. ix., 1898. 
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him, for at that time nothing better than a mere working hypo- 
thesis could be offered. With regard to the other sections of the 
river he says that he has previously endeavoured to draw ex- 
amples of the past recession of the falls from that of the present 
American cataract; but he now has shortened the time to 
50,000 years or less as above stated. But comparisons can- 
not be made with the American cataract, as the ancient volume 
was much greater and the height less. 

While I was prepared in 1894 to modify the computation 
of the age of any section of the Niagara river upon fuller 
evidence I was presenting my results only as an avant courier 
of the inductions derived from the facts then at hand. Slowly 
I have arrived at the present conclusions, not knowing until 
the end of the investigations whether or not some insurmount- 
ables obstacle would present itself. Throughout the present 
work I have attempted to present the facts with the most com- 
plete information, so that they can be used by others. 

My fuller knowledge of the field and succession of new 
features found in working out the details enables me to offer 
conclusions as a consequence of the monographic studies; thus 
not only bringing the work down to the present time, but fully 
believing that a sufficiently close determination of the age of 
the falls has now been made. Indeed the importance of deter- 
mining the age of Niagara falls does not lie in the variation of 
a few per cent; but it is a question whether the falls be 9,000 
years old (as would have been the case had there been no 
changes in the height or volume), or a very great age of say 
100,000 years, or one intermediate in length. 

I congratulate Mr. Taylor on his conjectures, in finally 
stating them in terms so close to those found by much more 
precise research. Mr. Taylor has been one of the principal and 
best observers of the phenomena bearing upon the history of the 


lakes, and is therefore specially entitled to an opinion. 
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DATE OF ACCESSION OF HURON WATERS. 


The Nipissing-Mattawa-Ottawa watershed is at present 
112 feet above Lake Huron. The former barrier across Lake 
St. Clair, now scoured out, could not have raised the surface 
of the water less than ten or twenty feet, leaving ninety-two 
feet for differential elevation. To this must be added some- 
thing for the depth of water in the Nipissing channel, so that 
the uplift may be taken at about 90 feet, as having occurred 
since the Huron waters emptied into the Erie drainage. The 
change occurring 3,500 years ago, would represent a mean 
elevation of the outlet at the rate of three feet per century if 
there had been a uniform rise. As observed everywhere, the 
beaches record a succession of shore-making pauses separated 
by abrupt subsidence of the waters. Accordingly, this mean 
rate of rise cannot be considered as having much value on the 
interpretation of future changes. With the computation of the 
age of the falls the work of the recession closes. 

In the present investigations I have been led to the dis- 
coveries of some most remarkable early conditions in the region, 
even long before there was a Niagara river. One of the 
most important of these was a great drainage channel from the 
Erie basin in times pre-glacial, which then received, as a small 
tributary, the precipitation of the neighbourhood of the Niagara 
falls by way of the buried Falls-Chippawa valley. This has 
given rise to the local features about the present site of the 
great cataract. The pre-glacial outlet of Erie will be described 


in the following part of the work. 


‘STB JO AOIA oy} puryed esnoy 1aMmMog AuedmopH BaVSVIN UBIPLULA) “Joos ELF 1OF 
poulwap Apoq xy [fear oyg Sutrmopazeao APavd st yt usym “QOGT “CZ “JOO “toywAr ys AtaA—s][e yy UeIpeUeD JO MOL A 


TIAXXX Suvid 


3t7 


i 7” 
_ =. 
is ‘ 

: 
1%, aps 
ay er? 


oJ 
7 


> 


CHAPTER XXXIV. 


FUTURE RECESSION OF THE FALLS. 


The survey of Niagara falls would be unfinished if the facts 
which bear upon the future recession as they finally appear 
were not brought together. There are two sides to this ques- 
tion: one the natural changes in progress, and the other those 
affected by the artificial modifications. 

The falls have been undergoing changes tending to modify 
the recession. The rocky rim at the First cascade is lower on 
the Canadian side than on the Goat island, and the current 
naturally sweeps against the banks of stony clays above the 
Dufferin islands. These have been constantly washed away, 
tending to lower the river as the bedrock sinks in that direction. 

The rate of recession of the falls during the last fifteen 
years has been greatly reduced, this being caused by changing 
features, with effects due to the diversion of the water for 
power purposes. The change is mostly due*to the turn in 
the course of the river, with the apex of the falls now begin- 
ning to creep up the side of the Falls-Chippawa valley, where 
the thickness of the limestones forms a more resisting arch,— 
retarding the recession. About 2,500 feet above the apex, the 
rim of the First cascade, should be reached in about 600 years, 
if the mean rate of recession (during the last sixty-three 
years, or that of the 227 years since the falls were first seen 
by Father Hennepin) were to continue. In the meanwhile, as 
the falls retreat the hard capping stratum is not merely 
increased by the thickness of the rising floor of the rapids, but 


also by the dip of the limestone formation. On this account the 
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rim at the First cascade might not be reached for much more 
than 600 years. At the rate of recession since 1890, the time 
required would be 1,500 years. 

The falls, having reached this point and gaining a height 
of fifty-five feet with the extinction of the Unner rapids, would 
commence to trench the rim whereby the surface of the upper 
river would soon be lowered to the floor of the basin in the soft 
Salina beds south of the rim mentioned. The height of the falls 
would be then reduced to less than that of the present day. A 
new Upper rapids just below the outlet of Lake Erie would be 
established to a height of sixty feet or more, eventually becom- 
ing another cataract as the river passed over the Corniferous 
rock between Fort Erie and Black Rock, thus lowering the 
surface of Lake Erie. 

Before the present investigations it was supposed that there 
were upward earth movements here which would counteract 
this lowering of the lake level, but these are found to have 
ceased, at least for the present. Such is the natural immediate 
future of the Upper rapids, while the falls themselves will 
be considerably reduced on account of the lower floor of the 
Chippawa valley. While the re-excavation of the superficial 
drift deposits in.the basins, underlaid by the Salina formation, 
will be much more rapid than that of the rock, yet it might, 
require a long time to complete these changes of the new 
Upper rapids. Accordingly there is still a long natural future 
for Niagara falls. 

Turning to the artificial modifications of the falls. The 
protection of the banks of the Upper rapids is already com- 
pleted by the railway company. The full diversion of the 
water under the present active franchise will reach 40 per cent 
of the low water discharge. This must greatly reduce the rate 
of recession of what is left of the falls, though to what extent 
only future measurements compared with those already made, 

seven 
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PLATE X XXVIII. a. 


View of Goat Island shelf, adjacent to the Falls, which is being drained, with rocks 
appearing at surface. (Sept. 1906.) Hlectrical Development Company 
Power House in Victoria Park, shown in background. 
PraTE XXXVIITI. B 


View of Carter Cove, Upper Arch Bridge, and factories on the 
N. Y. bank of the gorge beyond. 
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In Plate xxxvut. is a picture of the falls during high water 
(October 25, 1906), where thin streams are seen flowing under 
the retaining wall, made in curtailing the breadth of the falls 
on the Canadian side, thus in a degree restoring for a day 
nearly their former width. Plate xxxvrr. a shows the present 
draining of Goat island itself. Plates xxxrx. a and B are views 


of the Greens or First cascade over rocks which will be the first 
laid bare. 


PATE: XOXOX TX. A. 


Profile View of First Cascade from Goat Island. 


IPRATH XOX XB: 


View of First Cascade above Middle Sister Island, and river bed from which 
water has lately been drawn off. 
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Map of the Preglacial Valleys of the Great Lake Region. 
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CHAPTER XXXvV. 


ORIGIN OF THE LAKE BASINS—DROWNED AND BURIED 


VALLEYS. 
Preface. Buried. valley between Georgian 
Topography of the Lake basins. bay and Lake Ontario, etc. 
Features of the Ontario basin. Former higher elevation of the con- 
tinent. 


Features of the Erie basin. 
Features of the Huron basin. 
Features of the Michigan basin. 


Southern tributaries of the ancient 
Laurentian valley (Ohio and 
others). 


PREFACE. 


As has now been seen Niagara falls primarily owe their 
origin to the changing levels of the lakes. Their history has 
been modified by the buried channels which were tributaries 
of the ancient valleys now converted into the Great lakes of 
America. Again, these ancient valleys were more or less 
obstructed by drift deposits, and since the glacial period the 
region has been greatly modified by the tilting of the land sur- 
face, the evidence of which is seen in the now raised beaches, 
causing changes in the course of the lake drainage. In 
reality the history of Niagara began long posterior to the for- 
mation of these valleys, and if the history were told in chrono- 
logical order the ancient valleys and their blockades should 
have been described before commencing the study of the falls. 
However, their origin has really been discovered by the obser- 
vation of phenomena which of themselves were not obtained 
in their natural order, and it required many years to collect 
sufficient evidence to explain them. ‘The exploration of the 
Whirlpool and Whirlpool rapids has brought to light an ancient 


gorge which of itself was unimportant; but owing to its effects 
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upon the recession of the falls, giving rise to the Whirlpool, it 
assumes a prominence much greater than many other similar 
buried channels of larger size. The discovery of the Falls-Chip- 
pawa channel explains a still more remarkable feature, trend- 
ing in a direction opposite to that of modern drainage and 
demanding the existence of a further buried valley sweeping 
round and entering the Ontario basin by some other route, 


while upon the surface of the country no such feature appears. 


TOPOGRAPHY OF THE LAKE BASINS. 


In front of the highlands of New York and Pennsylvania 
are the great plains of the Lake basins, broadly speaking, though 
really this term is not quite applicable. The Erie plains, north 
of the central part of the lake, rise slowly into hills and a high 
rolling country covered with drift, reaching to 1,700 feet 
above the sea. In front of the higher slopes of New York 
is the Niagara escarpment facing Lake Ontario, from the foot 
of which are plains extending to the lake. On the northern side 
of Lake Ontario the flat country passes into high drift ridges. 
While the Niagara escarpment has an elevation of 330 to 340 
feet at Niagara river it rises somewhat higher at the head of 
the lake, and forms the northeastward face of the high country 
just mentioned beyond the plains of Lake Erie. This escarp- 
ment is the characteristic feature of the peninsula between 
Georgian bay and Lake Huron, of the islands of Lake Huron, 
across the upper peninsula of Michigan, and in the peninsula 
separating the lake of that name from Green bay. Between 
Lake Ontario and Georgian bay the face of the Niagara escarp- 
ment is so obscured by hills of drift that its true character is 
not always apparent in crossing the rugged, drift-covered 
country. 

Beyond Lake Ontario, the St. Lawrence valley extends 
from the foot of the Adirondack mountains of New York 


northward for thirty miles or more to other ridges, character- 
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ized by drift hills. In the direction of the lower Ottawa 
river the undulating plains become more extended as the coun- 
try is much lower than farther west. In fact the St. Lawrence 
valley may be considered as the extension of that of Lake 
Ontario, with the river now traversing it near the surface 
and not in a deep valley; although terraces occur to a height 
of 100 feet or more. These terraces are much below the level 
of the great deserted and much tilted beaches of the Ontario 


basin which have hitherto been surveyed. 


Not only is Lake Ontario excavated out of almost level 
Paleozoic formations, but this is equally true of Erie, Huron, 
and Michigan basins, except on the northern side of Huron, 


where the formations are crystalline rocks. 


FEATURES OF THE ONTARIO BASIN. 


The special feature of the basin of Lake Ontario is the 
drowned escarpment on the southern side, showing the valley- 
like character of the lake as was first pointed out many years 
ago.* At that time there was an exaggerated idea of glacial 
erosion, which was a plausible way of explaining unknown 
features. The late Prof. J. S. Newberry was the leader of 
this school, and yet he thought that an ancient channel be- 
tween Lake Erie and Lake Ontario might be found. Such a 
channel was described by the writer which is now known to 
be only one of two or three depressions across the Niagara 
peninsula, 

Lake Ontario is simply a deep trough reaching to 738 feet 
in depth, while it has been only 246 feet above sea level. The 
deepest point is nearly north of Seneca lake which reaches 165 
feet below sea level. Farther toward the outlet of Lake On- 


tario, the floor rises without any form of a channel such as 


**Discovery of the Pre-glacial Outlet of the Basin of Lake Erie.’ 
By J. W. Spencer. Proc. Am. Phil. Soc., Phila. Vol. x1x., pp 300-387. Also 
in Report of Geological Survey of Pennsylvania. Vol. QQQqQ. 
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prevails to the eastward. This feature made the investigation 
of the origin of the basin very difficult, for undoubtedly there 
was a river-like valley throughout the lake without any mani- 
festation of its continuing to the present outlet.~ It was to 
account for the rising floor, as well as the great depth of the 
lake below sea level, that recourse was had to glacial erosion, 
although the striations upon the rock surfaces were strongly 
marked in a direction always oblique to the face of the escarp- 
ment. This would disprove such an origin for the basins. 

The more precise study of the details showed that at a point 
about twenty miles east of Toronto, and some half dozen miles 
from the northern shore, there was a channel reaching to 474 
feet, while the soundings on either side of it have a depth of 
only about 200 feet.* At the head of the lake there is a broad 
valley which is really a refilled caiion. This is the Dundas 
valley with the rocky walls rising nearly 500 feet above the 
lake. On the side of this valley, extending to the city of 
Hamilton, a boring (at the Royal Hotel) showed that the buried 
channel reached 292 feet below Lake Ontario and eut into 
the Niagara plateau to a depth of more than 800 feet. The 
depth of the lake even as far west as south of Toronto is 
400 feet. This buried Dundas valley completely penetrates the 
zone of Niagara limestone, and connects with a basin in the 
Salina formation beyond. 

Returning to the soundings of Lake Ontario it is found that 
the northeastern extension of the lake is shallow and contains 
many islands. These are of limestone formation (Trenton and 
other allied series), lying in almost horizontal strata. There 
are undoubtedly deeper channels; for among the Thousand 
islands, a few miles below the outlet of the lake, the water 
reaches to a depth of 240 feet. Here the river crosses a narrow 
zone of crystalline rock of the Laurentian system. But the 
first rocky barrier across the river occurs at the Galops rapids 


* On the B. A., but not on the U. S. chart. 
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sixty-six miles in a direct line from Kingston, at the outlet of 
the lake. Here the depth is reduced to twelve or thirteen feet 
at a point one-third of a mile below the old lock No. 27. This 
barrier is composed of limestones of the same character as those 
at the outlet of the lake. 


It was several years after the observations of the fluviatile 
character of the lake basins before any rational explanation 
could be given of the barrier just mentioned. I was able subse- 
quently to apply the warping recorded in the post-glacial fea- 
tures. From the deepest point at the outlet a line may be 
drawn somewhat parallel to that from Canastota to Cape Rut- 
land (Prospect farm four miles east of Watertown), at the 
eastern end of the lake. Between these two points the Iro- 
quois beach rises 282 feet. (See map Plate xxxi.) As has 
been mentioned in Chapter xxt., page 284, the post-glacial 
rise between the outlet of Lake Ontario and the Galops rapids 
amounts to 500 feet or more. Here is found a differential warp- 
ing sufficient to acount for the barriers across the outlet of 
Lake Ontario, for if straightened out it would not be sufh- 
cient to obstruct the flow of the river through the present lake 
basin. This result is obtained without having determined the 
last remnant of the differential change of level. Under such 
conditions the outlet of Ontario over the rocky rim would be 
500 feet below sea level. At the same time it shows the con- 
tinuity of the character of the Laurentian valley with that of 
the basin of Lake Ontario. These features have been some- 
what fully explained in a general way in ‘ Origin of the Basins 
of the Great Lakes of America,’* and earlier papers. 


A full investigation of the St. Lawrence valley has never 
been made, and possibly somewhat deeper channels adjacent 
to the rapids may be found, as recent observations suggest. 
Under any circumstances, however, such a deep valley below 


*Quar. Jour. Geol. Soc. London, vol. xlvi., pp. 523-533, 1890. 


396 FALLS OF NIAGARA [Geol. Surv. 


sea level demands that it should have been formed during a 


period of high continental elevation. 


FEATURES OF THE ERIE BASIN. 


Lake Erie is situated in a broad plain. Much more than 
half of it has a depth not exceeding eighty-four feet; not 
over one-sixth of its basin has any considerable depth—the 
most profound soundings reached to only 204 feet, as shown 
in maps, Plates xxxrv. and xt. Numerous tributaries of 
‘the ancient basin have been discovered by borings. For in- 
stance, at Cleveland one such was found by Dr. Newberryt 
with a depth of 228 feet below lake surface, although adjacent 
portions of the lake are nowhere over eighty-four feet deep. 
Later, Dr. Warren Upham mentions the occurrence of another 
at this locality with a depth of over 400 feet. Long ago 
Dr. T. Sterry Hunt* recorded channels at Port Stanley and 
Vienna, reaching below lake level to a depth of 152 to 200 feet, 
and at Detroit another to 212 feet. These are suflicient to show 
that channels everywhere traversed the now shallow basin of the 
lake, refilled during the glacial period. 

At the eastern end of Lake Erie, Dr. Julius Pohlman called 
attention to the buried river channel at Buffalo creek, reaching 
to 120 feet,t+ and Irving P. Bishop** reports that in this 
locality, at Blackwell canal, that bridge piles were driven to 120 
feet without reaching rock, although the present floor of Lake 
Erie is found to be more than forty feet below the surface, so 
that the deep channel of Buffalo creek is buried beneath the 
much shallower lake. One of the piers of the International 
bridge across the Niagara river rests upon glaciated rock sur- 
faces to a depth of forty-five feet, while at other piers the depth 


is greater. At a point, little more than a mile above Fort Erie, 


+ Geology of Ohio. : 

1 Bully Geol ‘Soc. Amy Vol. evil.) De, o20,heoO, Da VOlemviiin Decent Ooi 
* Geology of Canada, 1863. 

Tt Life History of Niagara, Trans. Am. Inst. Min. Eng., vol. xvii., 1889. 
** Geology of Erie county, N.Y., Rept. State Geologist for 1897. 
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the head of the low terrace (five to eight feet) has a rock floor, 
with the river reduced in depth to seventeen feet. But the chan- 
nels on either side of this col is thirty and twenty-four feet re- 
spectively, suggesting a buried valley between, but there was no 
passage for the ancient Buffalo creek, Other buried channels 
are also known, but these illustrate the features of buried ones 
to a considerable depth about the Erie basin. 


FEATURES OF THE HURON BASIN. 


The southern half of Lake Huron is a plain traversed by 
valleys submerged to form a shallow lake. Northward of this 
basin and extending obliquely across the lake for ninety miles 
is a submerged escarpment, facing the northeast with a height 
of from 300 to 450 feet (Map Plate xn.). The extreme depth 
of the lake reaches to 750 feet, while the deepest channel 
between Lake Huron and Georgian bay is unknown on account 
of drift filing, but soundings show 306 feet. On the western 
side of Georgian bay is a deep channel reaching to 510 feet in 
front of the Niagara escarpment. These channels in front of 
the submerged escarpment of Lake Huron and of the Niagara 
escarpment on the western side of Georgian bay are fragments 
recording the ancient drainage of the lake basin. On both sides 
of the Huron-Georgian lake our knowledge of the drainage sys- 


tem is further extended by deep borings. 


FERATURES OF THE MICHIGAN BASIN. 


The lake is divided into two basins, the more northerly with 
a maximum depth of 864 feet, in part bounded by vertical 
escarpments now submerged. One of these abrupt features 
shows a descent of 500 feet, with the deepest sounding in 
the outlet of the lake at only 252 feet. A fiord tributary is 
seen in Grand Traverse bay to a depth of over 600 feet. ‘This 
and shallower fiords indicate the existence somewhere of a deep 
channel connecting Michigan with Huron, like the river valley 
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buried beneath the drift material of the modern floor of Lake 
Erie. They establish the existence of channels though not shown 
by the soundings. Lake Michigan as a whole is carved out of 
Palxozoic formations, the newest of which are -the Coal 
Measures. 

There is a smaller basin in the southern part of Lake Michi- 
gan with a depth of 576 feet, and a ridge between the two basins 
submerged from 300 to 342 feet. Across the southern part of 
the peninsula of Michigan there is a valley dissecting the high- 
lands of that State, the western portion of which is occupied by 
Grand river, and the eastern portion by a stream emptying into 
Saginaw bay. Well borings in the western section show the 
absence of rock to a depth of from 100 to 200 feet below lake 
level without reaching the greatest depth, while farther east 
there are several wells, one of which in the drift is 500 feet. 
This is equal to 350 feet below the surface of Lake Huron. 
The location is not, however, in the middle of the old valley. 
Other buried valleys and channels submerged demonstrate that 
the lake basins are simply the valleys of a great river and its 
tributaries of high antiquity before the glacial period. 


BURIED VALLEY BETWEEN GEORGIAN BAY AND LAKE ONTARIO. 


The distance between Georgian bay and Lake Ontario is 
about seventy miles, in a direct line. The country is character- 
ized by rising plains, crossed by high transverse ridges of drift 
tvending eastward and westward. Lake Simcoe, with a diameter 
of twenty miles, is situated between such ridges. These rise 
from 200 to 550 feet above Lake Huron. 

From Georgian bay to Lake Simcoe in a direct line is a dis- 
tance of twenty-five miles. It is a low, flat country. Rock is 
known to be absent far below the level of the bay. At Barrie, 
on the shore of Lake Simcoe, 140 feet above Georgian bay, a 
well was bored to a depth of 280 feet without penetrating drift. 
Twenty miles farther inland at Newmarket, and elsewhere, 
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wells were also found reaching below the level of Georgian bay, 
without finding rock. Southward of Newmarket is a transverse 
drift ridge beyond which at Richmond hill (217 feet above 
Georgian bay) a well was sunk 400 feet without penetrating 
the drift. This proves that the channel is at least 700 feet under 
the drift ridge and here is a boring reaching to 183 feet below 
Georgian bay without meeting with rock. Southward of Rich- 
mond hill the country falls away to Lake Ontario, and this is 
channelled by deep ravines showing the absence of rock much 
below the level of Lake Huron. 

Upon the eastern side of Lake Simcoe the country is covered 
with limestone rising 150 feet above the lake, while on the west- 
ern side of the broad buried valley are the Niagara limestones. 
Thus a trough is found which is the continuation of Geor- 
gian bay extending southeastward in the direction of Lake 
Ontario, and parallel to the Niagara escarpment, although 
the deepest borings, to nearly 200 feet below Georgian bay, 
have not revealed the floor as they have not been sunk to the 
underlying rock. This trends toward the most interesting 
deep channel mentioned page 394, as occurring about twenty 
miles east of Toronto, to a depth of 474 feet below the surface 
of Lake Ontario. 

_ The evidence now shows that with the drift removed the 
Huron-Michigan lakes would be very much lowered below 
the present level, even if the outlets mentioned had no greater 
depth than has been ascertained by direct observations. In- 
deed this is the only line along which channels so deep as this 
have been found. South of Lake Michigan deep borings also 
occur, which at one time were thought to be indicative of a 
Michigan outlet toward the south. More recently Mr. Frank 
Leverett collected evidence on this subject, and finds the lowest 
rock floor near the border of Lake Michigan is only about 
230 feet below the lake, with the floor having an altitude 
of 350 feet above sea level. This is not the slightest indication 
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that higher rock does not obtain between it and the Mississippi 
drainage. Even this level is hundreds of feet above the floor of 
Lake Michigan. The fiord-like valleys of Green and Grand 
Traverse bays show by their direction that the ancient drainage 
of Michigan basin was towards the northeast and not southwest. 
While borings to the full depth of the buried channel have not 
been made everywhere, yet they have reached far below that of 
the present lake surface, and where this method of investigation 
has been carried sufficiently far the chain of evidence is com- 
plete. As in the case of the Erie outlet, newly discovered and 
described in Chapter xxxvir., such a chain is not suggested in 


the surface features. 


FORMER HIGH ELEVATION OF THE CONTINENT. 

In glancing at the features of the Ontario basin the post- 
glacial deformation has been pointed out. So also deformation 
of Lake Huron is strongly marked by the raised shore lines, 
which are nearly horizontal at the southern end of the lake; but 
they increase in height so that they rise at the rate of nearly 
four feet per mile to the northeast (Chapter xxv.). 

With the post-glacial deformation or warping of the earth’s 
erust removed, by a depression of the raised parts of the plane 
of the earlier water levels, a considerable difference will be 
found in the topographic relief on proceeding to the northeast. 
Such a depression would admit the St. Lawrence estuary with a 
depth of 500 feet below sea level, where now is found the rocky 
rim over which the river passes by rapids on its way to the sea. 
As all the features of the lake basins are those of atmospheric 
action, such a trough becomes evidence of late high continental 
elevation of the land. This hypothesis is sustained by the deep 
channel of the Gulf of St. Lawrence.* Tere was a plain now 
forming the floor beneath sea level. This, being a continua- 
tion of the Laurentian valley of fluviatile origin, necessitated 


** High Continental Hlevation preceding the Pleistocene period,’ by J. W. 
Spencer. Bull. Geol. Soc. Am., vol. I., pp. 65-70, 1890. 
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a high elevation for the lake region, which lasted for long ages. 
That the continent was raised still higher at a later date is 
shown by partly explored canons at the mouth of the Gulf of 
St. Lawrence, at the mouth of the Gulf of Maine, and many 
others; but especially that of the Hudson, which I have 
recently been able to explore in detail. Here the cafion of 
the Hudson, with a length of fifty miles, has a depth reaching 
to 4,000 feet below the floor of the continental shelf, and is 
traceable to a depth of over 7,500 feet below sea level. 

According to my working hypothesis, requiring an elevation 
of the land to a height of 2,000 feet or more, the period of great 
elevation was very long, during the making of the Laurentian 
channel through the Gulf and the forming of the valleys of the 
Great lakes. 

Such was the condition of the continent when the lake 
valleys were completed, before the glacial period. Whatever 
abrasion and rounding of the abrupt surfaces occurred during 
that time, the valleys were not ploughed out by glaciers, as 
shown by the direction of the glaciation on the rock surfaces, 
which is everywhere oblique to the face of the escarpment. 
As before mentioned the lake basins were formerly supposed 
to have been excavated by glaciers, but since the appearance 
of my earlier papers upon the origin of the basins this sub- 
ject has been one that has received very little attention, con- 
troversy having ceased, interest in the subject has declined. 
While several geologists have added to our knowledge of the 
features south of the lake, the revival of the subjects of the 
basins themselves is seen in a later contribution by Prof, 
A. W. Grabau.* 

In attempting to give a full history of the lake basins from 
the Paleozoic days he has continued the ancient drainage of the 
Archean highlands of Canada, as he supposed it to be, to the 


“Bull, N. Y. State Museum, No. 15, 1904. Also 18th Rept. Com. 
Resery., Niag., for 1901, pp, 42-54. 
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latest times preceding the Ice age. In doing this he has drawn 
some remarkable conclusions. Assuming the country to have 
been 2,000 feet higher than now, by a process of tilting, he sees 
a valley running down from Georgian bay to Lake Ontario and 
joining the main valley of the lake. The course from Georgian 
bay to Lake Ontario is along that which I have described; then 
through Lake Ontario, producing a channel valley rising from 
a depth of about 500 feet below sea level, to more than 700 feet 
above it. His channel passes up the Dundas valley and beyond. 

From the Dundas valley he assumes that there must have 
been a continuation of the river southwestward to the Erie 
basin, between exposures of the Devonian and Niagara lime- 
stone systems, now 700 or 800 feet above the sea; but it is not 
certain whether it continued up the Cuyahoga valley at Cleve- 
land or the Maumee and across to the Wabash. 

The post-glacial tilttng is everywhere to the northeast, con- 
sequently this must be disposed of, and in so doing it increases 
the necessary rise from the deepest part of Lake Ontario to the 
Erie basin by a considerable amount. Beyond Dundas valley, 
in the direction which he indicates, there is no channel, but the 
buried valleys found are those transverse to it. It is now known 
that the deepest channel between Lake Erie and Lake Ontario 
is some distance eastward of that observed at Dundas. The 
topography of the country is entirely against this drainage. 
The post-glacial warping is a constantly increasing movement, 
but his channels would require deformation amounting to 
ten feet per mile if uniform (in excess of that obtaining 
since the glacial period) of which there is not the slightest 
evidence; nor would any uniformly progressive deforma- 
tion give rise to the features which he supposes. In short, 
Prof. Grabau was not familiar with the geology or topography 
of the country he attempted to describe. Even if he had 
supposed the lake basins to have been excavated by glaciers, or 
if by some internal earth movement the lake basins alone had 
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sunk, the topographic features of this region would not have 
supported his conclusions. Against all of this is the fact that 
the channel in the Ontario basin would have to convey waters 
upward to a height of more than 1,000 feet to the top of the 
Niagara escarpment, and proportionally would indicate thou- 
sands of feet of pre-glacial uplift to the northeast, while we know 
that the relative elevation there was much lower than now. 
At the same time this Niagara escarpment everywhere faces a 
broader and more open country to the northeast, without any 
suggestion that at the time of the formation of the lakes the 
country was so high as even the escarpment, but quite the con- 
trary. 

The work of Prof. Grabau, to which reference has been made, 
was intended as a guide to Niagara, and he has assembled into 
it much valuable information. Whatever were the earlier con- 
ditions in the Paleozoic days it is unfortunate that he should 
have attempted to carry his uniform hypothesis over such vast 
geological periods down to the time of the completion of the 
lake plateaus, such as obtained just before the glacial period. 


SOUTHERN TRIBUTARIES OF THE ANCIENT LAURENTIAN VALLEYS 
NOW REVERSED—-THE OHIO AND OTHERS. 


As found many years ago by Mr. J. F. Carll, the upper 
branches of the Allegheny formerly emptied into Lake Erie. 
Later, from the evidence of borings, I suggested that the 
Upper Ohio, with its tributary the Monongahela, was for- 
merly reversed, draining by way of the Beaver, Mahoning, and 
Grand River valleys into the Erie basin. This subject was fur- 
ther investigated by Dr. P. Max Foshay,* who named the 
reversed drainage after the present writer. This named river 
was again called into question by Prof. I. C. White, but upon 
further observation by Mr. Leverett the plane of the river was 
found at a higher level than that which had been questioned, so 


* Pre-glacial Drainage, Western Penn., Am. Jour. Se. iii, vol. xl., pp 
397-403, 1890. 
26 
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that Prof. White reversed his opinion, stating that—‘ It is now 
pretty surely established through the work of Carll, Spencer, 
Foshay, Hice, Chamberlin, Leverett and others that the 
Monongahela, Lower Allegheny and Upper Ohio waters drained 
northward into the Lake Erie basin in pre-glacial times.’+ 
Accordingly, the pre-glacial drainage area of the Erie basin 
had an extended watershed reaching for a hundred miles into 
West Virginia, thus the drainage and the whole upper basin of 
what is now the Ohio river then flowed into the Erie basin. 


The Genesee of New York and Pennsylvania was a pre- 
glacial tributary of Lake Ontario, but its course was blocked at 
one point which it left, making a new channel for itself before 
reaching the lake. The modern river passes along a course 
forming three waterfalls at Rochester. Seneca (605 feet deep 
or 859 feet below the level of Lake Ontario) and Cayuga lakes 
were tributary valleys. To these I gave considerable attention 
when studying the origin of the basin of Lake Ontario, but 
more recently Prof. R. S. Tarrt{ has called attention to a 
buried channel at the head of Cayuga lake (435 feet deep) 
reaching to a depth of 430 feet below its surface, or 274 feet 
Lelow the level of Lake Ontario. This lake is nearly due south 
of the deepest point in Lake Ontario (738 feet). 


The conclusions as to the origin of the lake basins are that 
they were the valleys of the ancient Laurentian river and its 
tributaries, obstructed by deposits of drift and by subsequent 
warping. These valleys were formed when the continent stood 
much higher than at present, and the broad valley of the 
St. Lawrence river extended continuously from the lake region 
to the plains between New England and the Laurentian moun- 
tains; and thence on to the plains now forming the floor of the 
Gulf of St. Lawrence, traversed by a channel 2,000 feet below 


{ Am. Geol. vol. xviii., p. 368, 1896. 
¢Jour. Geol. vol. xii., pp. 70-73, 1904. 
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sea level. This deep channel receives tributaries from several 
directions as has been described.* 

The character of the lake basins being now described it will 
be easier to understand the relationship of the ancient drainage 
of the Niagara district. The outlets from the Erie valley to 
the Ontario basin have been deferred in this work, on account 
of their forming an additional subject beyond their immediate 
bearing upon Niagara. 


* * High Continental Elevation preceding the Pleistocene period,’ by J. W. 
Spencer. Bull. Geol. Soc. Am., vol. i., pp. 65-70, 1890. Also, ‘ Hvidences as 
to Changes of Sea Level,’ Bull. Geol. Soc. Am., vol. vi., pp. 141-166, 1895. 
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CHAPTER XXXVI. 


NIAGARA PENINSULA. 


Preface. ; ‘Short Hills’ and the sand ridges. 
Features of Niagara peninsula. Grand river-Dundas valley—ancient 
Geology of the peninsula. drainage. 


Elevation of the Erie plains. 


PREFAOR. 


The discovery of the Falls-Chippawa valley was the result 
of investigating the nature of the basin at Niagara falls. On 
account of its depth it demanded a search for its continuation 
with an outlet into the lower Ontario basin, if such could be 
found, for no other suggested itself except by the Dundas 
valley far away. Without finding such outlet, the basin at 
Niagara falls would have been unintelligible, but would pro- 
bably have been attributed to glacial erosion. On the other 
hand the discovery which has been made by following theoreti- 
eal lines completes a chapter in the Lake Iistory. 


FEATURES OF THE NIAGARA PENINSULA. 


The Niagara peninsula which separates Lake Erie from 
Lake Ontario shows a serrated shore line along the northern 
side of Lake Erie, but if the points be connected by a line this 
is found to be comparatively straight. On the other hand, 
while none of the sharp points project into Lake Ontario, yet 
there is a sweeping indentation in the shore line of the latter, 
which is deepest between Port Dalhousie and Jordan harbour. 
Here the embayment indents the shore line by several miles in- 


ward of the mouth of the Niagara river. Inside of this shore 
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line is a gently rising plain to the foot of the Niagara escarp- 
ment, which at the river is about seven miles from the lake, 
while at Grimsby, twenty-seven miles to the west, the escarp- 
ment is only a mile or less from the shores of Ontario. The 
foot of the escarpment limited by the plain in front of the Iro- 
quois beach has a height of less than 130 feet at Niagara river. 
This slightly diminishes on proceeding westward. Near its 
brow the escarpment has a general elevation of 320 to 340 feet 
above Lake Ontario, with the watershed generally distant not 
more than from two to four miles. 

Southwest of St, Catharines—that is behind the deepest 
part of the indentation in the shore of Lake Ontario—there is a 
large embayment in the Niagara escarpment. (See Chapter 


XXXVII. ) 


GEOLOGY OF THE PENINSULA. 


The Niagara escarpment is formed by the same series of 
limestones and shales as are described along the gorge of the 
Niagara river. The limestones give rise to the bold feature. 
Wherever the small streams cross it picturesque waterfalls 
occur, with small cafions sometimes a half a mile in length, as 
along the Beaver Dam creek at De Cou falls, and Twenty-mile 
creek, south of Jordan. After passing the brow of the escarp- 
ment the superficial limestones are usually covered by a con- 
siderable depth of drift, with the widest exposure of the rock 
along the Niagara river. 

On the Erie side of the peninsula there is another ridge of 
limestone buried beneath the plains. This occurs along the 
Niagara river to a distance of two miles from the lake. At the 
surface it is generally covered by a thin layer of drift, but at a 
depth of a few feet it is found. Still the surface of the country 
south of Lake Erie seldom rises higher than from twelve to 
twenty feet above the lake, though near Fort Erie it is higher © 
as also near the watershed back of the Niagara escarpment 
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Upon reaching the surface of the country above the Niagara 
escarpment the general appearance is that of a remarkably level 
plain, and to the eye the features are the same all the way from 
it to the northern side of the low ridge of Corniferous limestone 
near Lake Erie, although there is a broad basin between these 
limestone zones underlaid by the soft Salina formation. This 
is composed of light, or dark or black shales, with or without 
gypsum nodules, or layers of gypsum and impure limestones, 
all easily destructible materials. This has given rise to a de- 
pression in the rock surface below the country, recognized for 
more than sixty years. Still it is covered by drift so as to make 
a continuous plain only a few feet above Lake Erie without 
showing any depression upon the surface due to the buried 
features. 


ELEVATION OF THE ERIE PLAINS. 


These plains are traversed in a western and eastern direction 
by a creek, which at Chippawa village is ten feet below the level 
of Lake Erie; at Welland, where it passes under the Welland 
canal, it is nine feet below the surface of the lake; and at Wel- 
land Port, as shown on the map, the creek is still below lake 
level. The southern part of the peninsula from Dunnville to 
Welland is traversed by the Feeder canal with the surface of 
the water eight feet above the lake. Extensive marshes have 
also continued until recent times, and, although now drained, 
the surface at many places can not be more than five feet above 
the lake. This gives a general idea of the flatness of the 
Niagara peninsula. Some exceptions must be made to this 


statement. 
“sHORT HILLS ” AND THE SAND RIDGES. 


Sand and gravel ridges occur to a height of 443 feet above 
Lake Ontario south of St. David (page 215); a similar hill at 
Lundy Lane, Drummondville (page 212) rises to 465 feet ; 


extending as a ridge to the vicinity of Niagara falls. Another 
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eminence southeast of Chippawa village occurs. The most re- 
makable ridge rises west of Font hill, to 320 feet above Lake 
Erie. It tapers southwestward for three miles, to near Fen- 
wick, with a breadth of nearly a mile and a quarter, though the 
higher part does not exceed half a mile. This is entirely com- 
posed of drift, which in the deep gullies upon its northern side 
is shown to be largely composed of stratified clayey sand and 
gravel, although the higher part of the summit is a sandy clay 
containing a few boulders and small stones of drift origin. 
Round the hill occurs a fragment of the Forest beach, formed 
by wave action upon the material of the hill. Its height is 221 
feet above the lake. 

The gullies on the northern side of this hill (called the 
‘mountain ’) descend and unite with deeper ones which have 
partly excavated the buried valley. The country is broken up 
into sharp hills and deep ravines, which are designated the 
‘Short hills’ and so known in history. 

The main stream traversing the Niagara plateau has an old 
name which it received from the Indians, and throughout the 
country it 1s everywhere known as Chippawa creek, or ‘ the 
creek,’ while-‘ the river’ refers to Niagara. By an Order in 
Council in 1820 the name was officially declared changed to 
Welland river, yet this has never been adopted locally, though 
it appears upon late official maps. 

Away from the sand ridges mentioned the surface soil is 
that of clay or sandy clay, with only a few places where bands 
of surface sand occur. At a few feet below the clay, sands or 
gravels are found. Where the sands surmount the clays, they 
are of the nature of beaches. Nowhere on the surface of this 
country south of Font hill is there any suggestion of buried 
valleys. This hill, rising higher above the plains, would seem 
to be opposed to the occurrence of such. (For characteristics 
of the upper Niagara river district, see Chapter rx.) 
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GRAND RIVER-DUNDAS VALLEY, ANCIENT DRAINAGE, 


Westward of the meridian of Dunnville the land rises to a 
greater height with more varied features, though underlaid by 
the Salina formations, over which the Grand river generally 
flows. About Brantford, there is a deep, broad re-excavated 
valley forming a strong surface feature. 

The northern watershed of the Grand river approaches the 
margin of high country faced by the Niagara escarpment, as 
south of Hamilton, where it is 492 feet above Lake Ontario. 
Near the southern margin of the valley, at Onondaga, is a 
buried valley to 110 feet, or to a level twenty feet below Lake 
Erie. To the northward the rocks are absent for a greater 
depth, as at Jerseyville (about twelve miles from Lake Ontario) 
where wells are 150 feet deep to rock, or to the level of Lake 
Erie. Thence to the buried Dundas valley the depth is known 
to be very great. Near Ancaster the rocky wall of the southern 
side of the Dundas valley occurs under the drift, which also 
forms hills in the upper part of the valley. Its breadth, 
cutting through the limestone escarpment, is two and a half 
miles, but it partly expands so as to include the plains of 
Hamilton in an enlargement at the head of Lake Ontario. At 
Hamilton, the buried Dundas valley reaches 292 feet below the 
lake level. Here is found to be a deep buried depression 
through the Niagara formation extending to the buried Salina 
valley and Lake Erie, with a tributary from the upper part of 
the Grand river district, also joining it. 

The datum plane of this partly explored depression, below 
that of the present surface of Lake Erie, was further lowered in 
olden days, before the post-glacial warping which raised the dis- 
trict south of Dundas to a considerable height above the Erie 
plane. 

Before the recent explorations the buried Grand River- 
Dundas valley was the only known depression between Lake 
Erie and Lake Ontario capable of lowering the upper lakes pro- 
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vided the drift deposits were removed. But the studies here 
were among the first investigations made, and they have never 
since been extended. 

Later it became apparent that there was also a shallow de- 
pression near the Welland canal sufficient to lower Lake Erie if 
drift were removed. 

When the Falls-Chippawa valley was found to reach far 
below the surface of Lake Erie, the question of the pre-glacial 
outlet of the Erie basin required further investigation. (See 


next chapter). 


CHAPTER XXXVII. 


DISCOVERY OF THE ERIE OUTLET. 


Deep channels about. Lake Erie. 
Salina basin. 
* Weil-borings. 
Southern boundary of Corniferous 
limestone. 
Northern boundary of Niagara lime- 
stone, and Thorold depression. 
Features of the ‘Short Hills’ dis- 


Hrigan cafion. 

De Cou and Swaze falls. 

Erigan channel and buried WBrie 
outlet. 

Slope of the Hrigan outlet of the 
Brie basin. 

Hrigan tributaries. 

Crossing of the lake depressions. 


trict. 
DEEP CHANNELS ABOUT LAKE ERIE. 


Profound channels buried to depths below the floor of Lake 
Erie have been mentioned on page 396. They occur to depths 
of 120 feet or more near Buffalo, and 228 to 400 feet in 
the vicinity of Cleveland, as illustrating the pre-glacial drain- 
age that formerly obtained beneath the present floor of the 
lake, which has since been covered with drift deposits. These 
demanded the discovery of an outlet for what is now the Erie 
basin. 


SALINA BASIN. 


It was ascertained that on Grand island (at Sour Grove) 
wells in drift reached sixty feet, though surface rock occurs on 
both the northern and southern ends of the island. At Tona- 
wanda the buried rocks are fifty feet below the surface, while 
at Gatzville, five and a half miles east, a rock floor was shown 
as ranging from twelve to ninety-six feet deep (near the creek). 

The Falls-Chippawa valley was found to reach ninety feet 
and more below the Erie level) This was deeper than any 
channel at the Welland canal. The Dundas valley was a long 
way off, so that further borings were sought for m order to 


ascertain what was the outlet of the Falls-Chippawa valley. 
413 
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WELL BORINGS. 


Seattered well-records showed the great depth of the buried 
valley or basin. Others were found indicating that the deeper 
parts of the basin did not extend nearly so far as the Dundas 
valley, although deep wells occurred over the whole distance. 

Fortunately, at this time, a great deal of information was 
obtainable from the recently sunk gas wells, ‘and water 
wells. The officers of the gas well companies and the water 
well borers and others were most courteous in placing informa- 
tion at my disposal. Many of the locations of these wells were 
visited by me in order to ascertain the surface topography. 

The positions and depths of the Wells are shown in the map 
Plate xur. Their heights above lake level are not given on the 
map, although many have been determined. Approximately, 
however, their elevation is known. Thus, the Feeder canal, 
which is eight feet above the lake, is at many places higher than 
the level of the country. The main creeks to beyond Welland 
Port are below lake level, with the banks rising twelve, or in 
some cases to twenty feet. The country is generally a plain, 
except at Font hill ridge, on the flank of which is Fenwick 
well (forty-eight feet above the lake). At the Quaker church 
the well is at fifty-one feet above the lake. This is just south 
of Ridgeville. Where not specified the general level south of 
Ridgeville and Fenwick does not exceed ten to twenty feet. 
The same may be said to be characteristic everywhere away 
from the mentioned ridge which rises to over 300 feet above 
Lake Erie. This hill is shown on the map by contour lines. 

Upon the depths of the wells being plotted it became mani- 
fest that buried channels could:be traced across the floor of the 
Salina basin. These ranged themselves into a system—a feature 
that was hardly to be expeeted without many more borings than 
were obtained. 
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SOUTHERN BOUNDARY OF CORNIFEROUS LIMESTONE. 


This has a general breadth of about two miles, though some- 
what wider on approaching the Niagara river and narrower 
towards the west. It is two miles in width where crossed by 
the Welland canal. Its surface is thinly covered with earthy 
deposits. The northern side of this belt is sharply defined on 
account of its forming a now buried escarpment of eighty feet 
or more in height. This feature, all of which is buried, has 
been brought out by the well borings which reveal the abrupt 
disappearance of the limestone. ‘The same rocks are occasion- 
ally seen upon the lake shore and pass under the shallow waters. 
Near Lowbank post office there is an embayment in the lake 
shore about two miles across. Here the shore is faced by sand 
dunes ten to twenty feet high, with a flat country behind not 
more than five or six feet above the water. Near the lake shore, 
east of Lowbank village (on the farm of Cyrenus Barrick) the 
limestone is entirely wanting, while the well is in drift to a 
depth of 157 feet or 150 feet below lake level. Another well a 
little farther inland shows the same absence of rock to a depth of 
155 feet. Other wells to the east also indicate that there is no 
rock to a depth of 100 feet, with the Corniferous limestone 
ridge just beyond coming to near the surface. In short, the 
embayment of the shore of Lake Erie owes its form to the 
present buried valley crossing the belt of limestone. This valiey 
has now been traced across Moulton and Wainfleet townships, 
but it is situated east of Lowbank village, which is on its 
western margin. Everywhere beyond Lowbank the limestone 
approaches the surface and gives character to the lake shore. 


NORTHERN BOUNDARY OF NIAGARA, LIMESTONE, AND THE 
THOROLD DEPRESSION. 


At the Niagara river the Niagara limestone belt is nearly 
seven miles across, and its southern boundary, as determined by 


well borings, is found to continue nearly due west from Chip- 
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pawa village and south of Allenburg village, so that in the 
vicinity of the ‘Short hills’ it is reduced to an approximate 
breadth of four miles. This restriction in width, however, is 
due to an indentation in the brow of the escarpment on the 
surface of which the rocks appear. But, in going southward, 
they soon become buried to a moderate depth by drift. 

The surface of the mountain facing Lake Ontario is no 
higher than the level of Lake Erie, or it may be twenty-five feet 
or more lower. The country behind seldom rises more than 
twenty-five feet higher. The Font hill ‘mountain’ already 
mentioned is only a ridge of drift forming the highest portion 
of the ‘ Short hills,’ shown on map by contours. 

Approaching the southern side of the Niagara limestone 
zone, two miles south of Allenburg, the wells become deeper 
and deeper as they pass into the Salina basin. The deep cut of 
the Welland canal (located south of Allenburg) is thirty-six feet 
above Lake Erie. At Thorold the rocks are seen adjacent to the 
canal. However, here is an ancient pre-glacial valley, indenting 
somewhat the face of the escarpment as if there might once have 
been a channel drawing waters from the Erie basin. It was 
formed by a little stream, which made a slight topographic 
feature in the face of the escarpment, possibly somewhat greater 
than the WhirlpoolSt. David channel already described. 


FEATURES OF THE ‘SHORT ILLS’ DISTRICT. 


Westward of Thorold the Niagara escarpment sets still far- 
ther southward. For a distance of some twelve miles the trend 
of the ‘mountain’ forms an embayment, receding to a depth of 
three miles in the face of the escarpment. It reaches its 
farthest point in front of the ‘ Short hills.’ So, also, in front of 
the indentation just mentioned is a corresponding but much 
deeper embayment of the shores of Lake Ontario, carved out 
of soft Medina shales, while the escarpment itself is capped 
by hard limestone. This indentation is a topographic feature 
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of pre-glacial date due to erosion and it is not a bend in the zone 
of limestone, but it is cut out of them. Moreover, this em- 
bayment begins at a conspicuous promontory east of Mer- 
ritton, and extends to another one on the western side, nine 
miles distant, at Jordan. Nor is this incision shown alone upon 
the face of the escarpment and shore of the lake, but it is seen 
in the depression on the surface of the country, in that the alti- 
tude is reduced twenty-five feet or possibly fifty feet, thus 
bringing the surface of the country below the level of Lake 
Erie, in conformity with the slopes of ancient times. At the 
head of this embayment, beginning at De Cou falls, is a great 
buried cafion, trending westward of south, but now re-occupied 
by drift deposits rising from the Bell terrace which crosses the 
outlet of the gorge. These plains have been extensively eroded 
and carved into great valleys 100 feet or more in depth, thus 
forming the ‘ Short hills, which on their southern margin rise 
into the great drift ridge of Font hill already mentioned, which 
blocks the heads of the valleys. 


ERIGAN CANON. 


Erigan was the name I gave the buried valley* which tra- 
versed the Erie basin in pre-glacial times. It is formed from the 
Indian word Eriga (Erie). As its continuation across the 
Niagara peninsula has been discovered the name must be ap- 
plied here as elsewhere. 

The eastern end of the cafion begins near De Cou falls, and 
lies beneath the broken country just described, along Twelve- 
mile creek. Even at De Cou falls, known in the early settle- 
ment of the country as Beaver Dam falls, the higher rocks are 
removed to sixty-three feet below the level of Lake Erie, so 
that the outer margin of the cafion is somewhat farther east 


beneath the drift covering, as may be found in the shallower 
wells. 


* Proc, A.A.A.S. for 1888, cited before. 
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At St. Johns West, two and a half miles within the ancient 
gorge, but upon its rising eastern side, the rocks occur at 140 
feet below the Erie level. Beyond this point the valley trends 
more to the east, and depths of 100 and 68 feet, below Lake 
Erie, to rock were found at wells, showing that the zone of the 
Niagara limestone as a surface feature had been penetrated 
One mile east of St. Johns West the rocks on the right side of 
the valley have risen 115 feet (or twenty-five feet below the Erie 
level). (See Plate xnir.) Nearer the middle of the buried 
gorge, at a point two miles inward from De Cou falls, the 
channel is open to a depth of even 216 feet below the Erie level, 
with the depth of drift not determined. 

On the western side the rock walls are better shown. At the 
outer point is a conspicuous headland cape. Here also is a step 
in the old topography, so that there is also an inner wall, as the 
cafion appears to have been double. The top of the inner gorge 
is here shown by the rock surface, being 232 feet -above 
Lake Ontario, while the outer at half a mile farther has a height 
of 280 feet. The country rises higher beyond. In ascending 
these valleys the lower bench becomes covered with drift, except 
where lateral streams cross it; while the higher one can easily 
be traced as an escarpment two and a half miles to the south- 
west, at Effingham, or three miles and a half from the mouth 
at De Cou falls. At the Effingham mills the lower bench of rock 
is seen at 105 feet below the Erie level, while the gully leads 
down to the deeper valley extending from 140 to 190 feet below 
the Erie level. Here Medina sandstone of the western slope of 
the cafion is exposed. Above the mill the limestone rocks of the 
outer wall of the gorge are slightly exposed, but generally lie 
buried in drift. This is on the western side of the ancient 
valley, which has been reopened by streams for a further dis- 
tance of about a mile towards the southwest, where the surface 
rises to the level of Lake Erie. From Effingham onward to the 


southwest, the wells show that the southern edge of the Niagara 
27 
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limestone zone to a depth of fifty feet or more, below the Erie 
level, has been passed. As a like turning has been found on 
the eastern side it is evident that the buried outer cation dissects 
the hard beds of limestone for a breadth of between two and 
three miles, while the inner gorge is narrower. (See Plates 
xu. and xt.) The hill of deep drift makes exploration diffi- 
cult, but towards the eastern side a ridge of rock rises to fifty 
feet below the Erie level, with a deeper channel beyond, where 
the Electric railroad crosses the great ravine. The borings 
in ravine to thirty feet do not reach rock. There seems to 
have been here an ancient tributary. The trend of the principal 
valley is to the southwest under the western part of the mass of 
Font hill. With the establishment of the fact that the buried 
valley crossed the Niagara zone, it was desirable to ascertain if 
rock formations occurred near the surface upon the southern 
side of the hill. Accordingly, borings were made at the Quaker 
church south of Ridgeville, through surface clay of eight feet, 
and then through quicksand to a depth of 132 feet without 
reaching rock. Operations were then stopped. It is a great 
pity that the full depth of the drift was not here definitely 
ascertained, but the operations were carried to a point eighty 
feet below the Erie level. 

As has been shown, there is an indentation of three miles 
in the face of Niagara escarpment—a feature which suggests 
that here was the broad outlet of a great river, in ancient times. 
At the head of the embayment is now found a cafion more or 
less buried, with the creek bed within the gorge now reopened 
to a depth of 270 feet below the Erie level without reaching the 
rocky floor. or three miles farther in the cafion is the valley 
opened to 140 feet below Lake Erie, and lesser depths are 
exposed beyond, until blocked by the great drift ridge, Font 
hill, beyond which the valley has again been found by borings. 
This is the cation section, through the Niagara formation. (See 
Plate x11.) 


421 


BURIED ERIE OUTLET 


of Canada] 


UISV SLT OY} JO JoTJMO JuslOUe oY] [VoAdT TIYM ssuLIog SulMoys “ensutued vavseiyy Jo dep 


SO6L = =; ne Pa Wy eyo] whIeG | 
as aes) = Bye 
raousdg ie Ag y Shi ieoOe 
é pe OMA Vf * OO yokes 
* LHTLOO AM IVIOVIDDYd Je / £0 = 


STPA NOD EONS 
et 


: : ( uwepsroro 
gi SS Heal Pence eee A Ce -queurdieosq ut usukequrg ey Fo WUT —/ Seager! (aos Ba 


TITX @Ivd 


422 FALLS OF NIAGARA [Geol Sarvs 


The trend of the cafion is slightly oblique to the line across 
its mouth westward from De Cou falls. As shown in Figure 
29, the outer cafion is two miles wide, and the inner a mile and 
a quarter. 


Fig. 29. Section across mouth of Erigan cafion. D., De 
Cou falls ; Pp., points of outlets of outer and inner gorge on 
western side ; L. O., level of Lake Ontario ; b., bed of Twelve- 
mile creek ; refilling of gorge to above Bell terrace or 165 feet 
above Lake Ontario. 


There is no similar incision in the Niagara escarpment be- 
yond this point until reaching the Dundas valley. The one 
at Thorold is comparatively small. No apparent stream could 
have made the great cafion, or accompanying features. 

The country is away from any railway, and being broken 
with difficult roads it is avoided, although beautiful and fer- 
tile. The available maps do not show any topographic features. 
Accordingly this district has escaped the attention of explorers, 
or the railway geologists. But the indentation, which might 
have been suggestive, is further obstructed by Font hill, be- 
yond which upon the surface of the low plains there is not 
the slightest topographic relief, or geological feature even until 
reaching Lake Erie, which suggested any buried valley. 


DE COU AND SWAZE FALLS. 


De Cou falls—De Cou falls is at the angle which the valley 
of T'welve-mile creek makes at its exit through the escarpment. 
The falls are on the Beaver Dam creek, at the outlet of Erigan 
eafion. After descending from the Power Company’s dam, 
about forty-two feet to the edge of the rock, they fall in three 
cascades with intervening rapids, the full height of 224 feet. 
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The cafion which they have made is nearly half a mile long. 
The upper cataract over the lower Niagara limestones and 
shales, now cascades about seventy feet; the second from 
the Clinton beds has a height of forty-five feet; and the third 
descends over the Medina gray sandstones. The whole is a 
post-glacial feature of the same age as Niagara falls. 

Swaze falls is in a pretty little ravine on a western branch 
of Twelve-mile creek, three-quarters of a mile north of Effing- 
ham, It is partly excavated out of drift material and partly 
out of the Niagara limestone, with the underlying shales ex- 
posed. A little farther down the ravine the thick Clinton band 
of limestone, overlying a thin layer of Clinton shales, forms a 
second small fall or rapid. Farther on, some of the upper beds 
of Medina shale and red sandstone are also seen. The ravine 
is a tributary to the reopened Erigan cafion. 


8 


ERIGAN CHANNEL, OR BURIED ERIE OUTLET. 


Turning now to map, Plate x11., and studying the borings, 
I was surprised that the evidence, so far obtained, showed not 
merely a general basin, in the Salina formation, but also chan- 
nels crossing it, now buried under even as much as 192 feet of 
drift, where the top of the well is no more than ten or twelve 
feet above Lake Erie. Accordingly, these borings bring to hight 
a channel 180 feet below the lake level, which has been ex- 
cavated out of the soft shale rock, while the general depth of the 
drift filling of the Salina basin is perhaps 100 feet or a little 
less. 

The deep trough seems to have a breadth of about two 
miles. Lowbank is on the western side of the channel, but here 
the rock approaches the surface.” At no considerable distance 
to the east a boring in the channel shows a depth to 150 feet 
below the lake. This also is west of the middle of buried trench. 
Near Winger many borings have been made, and these are 


often so close together that they can not be given on the map. 
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Here the channel reaches to 180 feet below the lake. Farther 
on, evidently without quite reaching the deepest part, the 
borings show an absence of rock to a depth of 160 feet. At 
Fenwick, on the western side, the buried valley was found by 
two wells (192 feet deep) to reach 134 feet below lake level. 
From Lake Erie to this point the valley has been located by 
borings at almost every mile, or at shorter distances. (See 
map, Plate x11.) The greatest depth should be found be- 
tween Fenwick and Ridgeville. Following the trend of the 
buried valley, from Lake Erie to Fenwick, and extending it 
along the same course, across a gap of only four miles, without 
direct observation, beneath the great drift mass of Font hill to 
Effingham, it is now found to be an open cafion whose course is 
in the same direction. This cafion has already been described. 
Accordingly the buried channel from the Erie basin across the 
Niagara peninsula and through the escarpment has now been 
found. 


SLOPE OF THE ERIGAN OUTLET OF THE ERIE BASIN. 


The deepest part of Lake Erie is twenty-seven miles south 
of Lowbank (as shown in the longitudinal section, fig. 30). The 
post-glacial rise of the region is about a foot and a half per mile 
in a northeastward direction (determined from the elevation of 
Forest beach at Brown’s nursery, Font hill, and at Sheridan 
and Crittenden, N.Y.). The post-glacial rise at the western 
end of Lake Ontario is two feet per mile N. 25° E. Making 
corrections for post-glacial deformation it reduced the bed of 
the known channel at Lowbank, on its western side, to 190 feet; 
at Winger to 228 feet; at Fenwick on the western side, to 194 
feet; and even at the Quaker church on the eastern side, where 
the well was not carried to rock, the depth is now known to 
more than 140 feet below the level of Lake Erie. As has been 


“Proc. Am, Assoc. Ad. Sc., Vol. xxxii., p. 199, for 1888. 
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shown the depth of Lake Erie is only 204 feet. This channel 
is thus found to reach below the floor of the lake. Again in the 
creek bottom at Effingham (three miles within the gorge from 
De Cou falls) the open valley is now 255 feet below the Erie 
level, without reaching its rocky floor. 

Accordingly I have been able to obtain data which conclu- 
sively establishes the existence of a buried channel from one 
to two miles wide crossing the Niagara plateau and dissecting 
the escarpment to a great depth. 

As there has been a post-glacial uplift in Forest beach, of 
121 feet between Cleveland and Font hill, of which only sixty 
feet pertains to the region between Cleveland and the deepest 
part of the lake, the other sixty feet belonged to the stretch 
between the 204 foot sounding and Font hill. By this amount 
the original outlet of the Erie basin was lowered in pre-glacial 
days below that of the present level. Accordingly, the floor of 
the open valley, without reaching bed rock, now within the 
limits of the buried gorge, represents a level of 305 feet below 
deepest sounding in Lake Erie. At the same time, there was 
a somewhat greater post-glacial change in the levels than that 
which has been measured. From these measurements the buried 
Erigan channel is found to reach to a depth more than sufficient 
to have drained the Erie basin in pre-glacial days. 

ERIGAN TRIBUTARIES. 

The Erigan channel is found to be not the only one upon the 
surface of the Salina formations. A considerable number of 
channels have now been located. There is one from the region 
to the west of the Krigan, approximately along the present 
drainage creek, which at Welland port is 100 feet below the 
Erie level. Another tributary valley is adjacent to Grand 
river, with an equal depth, which extends eastward and joins the 
Erigan, while the modern Grand river leaves its ancient course 


and passes over a rocky zone below Dunnville. (See map, Plate 
XI.) 
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Again, from the eastward, a buried tributary has been found 
along the northern foot of the buried Corniferous escarpment 
and another still farther north and parallel to it; also one in 
New York adjacent to the Tonawanda creek. This crosses 
Grand island and extends westward to the Erigan channel 
already described; but on its way the Falls-Chippawa valley 
joins it. This was the feature which led to the discovery 
of the buried valleys, which gave the true explanation of the 
Upper rapids of Niagara river. Another tributary from 
the southeast is traced through Welland (town) joining the one 
just mentioned, which as a broad valley enters the southeastern 
side of Erigan cafion, south of St. Johns West; and at the 
same time rounding off the corner of the Niagara limestone belt. 
(See map, Plate xutt.) 

The buried Buffalo creck joined the Erigan, or some tribu- 
tary to it now buried under the floor of Lake Erie. The ancient 
Carll or Allegheny crossed the present lake basin directly to the 
débouchure at Lowbank, while the Spencer or reversed Ohio en- 
tered the Erie farther west. These rivers are shown on Map, 
Plate xt. The depth of the Buffalo buried valley is much 
greater than that near Welland. The trench through the Cor- 
niferous limestone, now occupied by the Niagara river just be- 
low the present outlet of Lake Erie, was a low col between a 
small valley tributary to Buffalo ereek channel, and another 


joining the valley passing by Welland. 


CROSSING OF THE LAKE DEPRESSIONS. 


In pre-glacial times, the Erie formed a long trough, as to- 
day, with another one parallel to it in the Salina formation, but 
separated by the ridge of Corniferous limestone on the southern 
side of the present lake shore. The central Salina basin was 
separated by a prominent ridge protected by the Niagara lime- 
stone from the parallel Ontario basin, which last is excavated 
out of softer shaly rocks. The Corniferous range was dissected 
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at Lowbank and at Niagara river. The Niagara highlands 
were incised by the trough or valley at Dundas, another little 
one near Welland canal at Thorold, and the great transverse 
Erigan channel and cafion, here for the first time described. 

The Erigan channel crossing and connecting three parallel 
basins is a repetition of the feature of the Delaware river dis- 
secting mountain ridges and also crossing the intervening 
valleys, of the Appalachian mountain system. 

All of these features of the pre-glacial topography of the 
region described have been so concealed with drift and terres- 
trial warping as to have only slowly come to light. 

The Wainfleet Marsh—The great marshes of Wainfleet, 
and other lowlands in Niagara peninsula south of the escarp- 
ment, are of the latest origin—having been produced by the 
flooding of the lake region owing to the tilting of the land 
which raised the barrier at the outlet of Lake Erie, so that the 
waters rose more than 100 feet in the Erie basin. These at a 
recent date flooded the marshes mentioned, though now again 
the plains have emerged owing to the cutting down of the barrier 
at the outlet of Lake Erie, where may be seen the terrace of the 
town of Fort Erie, the height of which, with steep bluff behind 
it, is from five to eight feet above the river. This terrace is even 
cut out of limestone which occur at the southern end of the 


town, as well as out of drift deposits. 
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Prats XLITI. 


Niagara Falls as represented by Father Hennepin who saw them in 1678. 
Date of print 1697. 
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EARLY DESCRIPTIONS OF NIAGARA FALLS. 


(Por early discoveries and name, see Appendix vut.) 
(A) 


HENNEPIN’S DESCRIPTION OF NIAGARA FALLS. 
(seen 1678) * 


‘A description of the Falls of the river Niagara, which is to 
be seen betwixt the Lake Ontario and that of Erie.’ 


‘ Betwixt the Lake Ontario and Erie there is a vast and pro- 
digious column of water, which falls down after a surprising 
and astonishing manner, inasmuch that the Universe does not 
afford a parallel. ‘Tis true Italy and Swedenland boast of 
some such things; but we may well say that they are sorry pat- 
terns when compared to this of which we now speak. 

At the foot of the horrible precipice we meet with the Nia- 
gara river, which is not above a quarter of a league broad, but 
is wonderfully deep in some places. It is so rapid above the 
descent that it violently hurries down the wild beasts while 
endeavouring to pass it to feed on the other side, they not being 
able to withstand the force of its current, which invariably casts 
them headlong about six hundred foot high. 

This wonderful downfall is composed of two great cross 
streams of water, and two falls, with an isle sloping along the 
middle of it. The waters which fall from this horrible preci- 
pice, do foam and boil after the most hideous manner imagin- 
able, making an outrageous noise more terrible than that of 
thunder ; for when the wind blows out of the south, their dismal 
roaring may be heard more than fifteen leagues off. 

The river having thrown itself down the incredible preci- 
pice continues its impetuous course for two leagues together to 
the Great Rock above mentioned, with inexpressible rapidity: 
But having past that, its impetuosity relents, gliding along more 


*London Edition of 1698. (Chapter VII.) 
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gently for other two leagues, till it arrives at Lake Ontario, or 
Frontenac. 

Any boat or greater vessel may pass from the Fort to the 
foot of the high Rock above mentioned. This, Rock lies to the 
westward, and is cut off from the land by the river Niagara, 
about two leagues farther down than the great Fall: for which 
two leagues the people are obliged to transport their goods over- 
land by the way very good: and the trees are but few, chiefly 
firs and oaks. 

From the Great Fall unto this Rock, which is to the west of 
the river, the two brinks of it are so prodigious high that it 
would make one tremble to look steadily upon the water, rolling 
along with a rapidity not to be imagined. Were it not for this 
great cataract which interrupts navigation they might sail with 
barks or greater vessels more than four hundred and fifty 
leagues, crossing the Lake of Huron, and reaching the farther 
end of Lake Illinois; which two lakes we may easily say are 
little seas of fresh water.’ 


(Reprinted from a photographic plate of the original in Report of New 
York State Survey, 1879.) 


(B) 


A LETTER FROM MR. KALM, A GENTLEMAN OF SWEDEN, NOW ON 
HIS TRAVELS IN- AMERICA, TO HIS FRIEND IN PHILADELPHIA ; 
CONTAINING A PARTICULAR ACCOUNT OF THE GREAT FALL OF 
NIAGARA.* 


(This is the earliest account of Niagara falls written in 
English.) 


Arsany, September 2, 1750. 


‘Srr,—After a pretty long journey made in a short time, I 
am come back to this town. You may remember, that when I 
took my leave of you, I told you, I would this summer, if time 
permitted, take a view of Niagara Fall, esteemed one of the 
greatest curiosities in the World. When I came last year from 
(Juebec, you enquir’d of me several particulars concerning this 


*This is not published in the Travels of the author, but appears in Appendix to 
Travels of John Bartram, from Pensilvania to Onondaga, Oswego and Lake Ontario. 
(J. Whiston and B. White, Fleet St., London, 1851). 
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fall; and I told you what I heard of it in Canada, from several 
French gentlemen who had been there; but this was still all 
hearsay ; I could not assure you of the truth of it, because I had 
not then seen it myself, and so it could not satisfy my own, much 
less your curiosity. Now, since I have been on the spot, it is in 
my power to give you a more perfect and satisfactory descrip- 
tion of it. 

After a fatiguing travel, first on horseback thro’ the country 
of the Six Indian Nations, to Oswego, and from thence in a 
Canoe upon lake Ontario, | came on the 12th of August in the 
evening to Niagara Fort. The French there seemed much per- 
plexed at my first coming, imagining I was an English officer, 
who under pretext of seeing Niagara Falls, came with some 
other view; but as soon as I shew’d them my passports, they 
changed their behaviour, and received me with the greatest 
civility. Niagara Fall is six French leagues from Niagara 
Fort. You first go three leagues by water up Niagara river, 
and then three leagues over the carrying place. As it was late 
when I arriv’d at the Fort, I could not the same day go to the 
Fall, but I prepar’d myself to do it the next morning. The 
commandant of the Fort, Monsr. Beaujon, invited all the officers 
and gentlemen there to supper with him. I had read formerly 
almost all the authors that have wrote any thing about this Fall; 
and the last year in Canada, had made so many enquiries about 
it, that I thought I had a pretty good idea of it, and now at sup- 
per requested the gentlemen to tell me all they knew and thought 
worth notice relating to it, which they accordingly did. I ob- 
served that in many things they all agreed, in some things they 
were of different opinions, of all which I took particular notice. 
When they had told me all they knew, I made several queries to 
them concerning what I had read and heard of it, whether such 
and such a thing was true or not and had their answers on every 
circumstance. But as I have found by experience in my other 
travels, that very few observe nature’s works with accuracy, or 
report the truth precisely, I cannot now be entirely satisfied 
without seeing with my own eyes whenever ’tis in my power. 
Accordingly the next morning, being the 13th of August, at 
break of day, I set out for the Fall. The commandant had given 
orders to two of the Officers of the Fort to go with me and show 
me every thing, and also sent by them an order to Mons. 
Jonqueire, who had liv’d ten years by the carrying-place, and 
knew every thing worth notice of the Fall, better than any other 
person, to go with me, and show and tell me whatever he knew. 
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A little before we came to the carrying-place, the water of the 
Niagara river grew so rapid that four men in a lght birch 
canoe had much difficulty to get up thither. Canoes can go half 
a league above the beginning of the carrying-place, tho’ they 
must work against a water extremely rapid; but higher up it is 
quite impossible, the whole course of the water for two leagues 
and a half up to the great Fall, being a series of smaller Falls, 
one under another, in which the greatest Canoe or Battoe would 
in a moment be turn’d upside down. We went ashore, therefore, 
and walk’d over the carrying-place, having besides the high and 
steep side of the river, two great hills to ascend, one above the 
other. Here on the carrying-place | saw above 200 Indians, 
most of them belonging to the Siw Nations, busy in carrying 
packs of furs, chiefly of deer and bear, over the carrying-place. 
You would be surpriz’d to see what abundance of these things 
are brought every day over this place. An Indian gets 20 pence 
for every pack he carries over, the distance being three leagues. 
Half an hour past 10 in the morning we came to the great Fall, 
which I found as follows: To the river (or rather strait), runs 
here from 8.S.E. to N.N.W. and the rocks of the great Fall 
cross it, not in a right line; but forming almost the figure of 
a semicircle or horseshoe. 

Above the Fall, in the middle of the river is an island, lying 
also §.S.E. and N.N.W. or parallel with the sides of the river; 
its length is about seven or eight french arpents (an arpent 
being 180 feet). The lower end of this Island is just at the per- 
pendicular edge of the Fall. On both sides of this island runs all 
the water that comes from the lakes of Canada, viz.: Lake Supe- 
rior, Lake Michigan, Lake Huron, and Lake Erie, which you 
know are rather small seas than lakes, and have besides a great 
many large rivers that empty their water in them, of which the 
greatest part come down this Niagara fall. Before the water 
comes to this island, it runs but slowly, compared with its 
motion when it approaches the island, where it grows the most 
rapid water in the World, running with a surprising swiftness 
before it comes to the Fall; it is quite white, and in many 
places is thrown high up into the air! The greatest and strongest 
battoes would here in a moment be turned over and over. The 
water that goes down on the west side of the island is more 
ranid, in greater abundance, whiter, and seems almost to outdo 
an arrow in swiftness. When you are at the Fall, and look up 
the river, you may see that the river above the Fall is every 
where exceeding steep, almost as the side of a hill. When 


of Canade = Shs 5 ui 
See -KALM’S DESCRIPTION 435 


all this water comes to the very Fall, there it throws 
itself down perpendicular! It is beyond all belief the 
surprise when you see this! I cannot with words ex- 
press how amazing it is! You cannot see it without being 
quite terrified; to behold so vast a quantity of water falling 
ce a surprising height! I doubt not but you have a desire 
o learn the exact height of this great Fall. Father Hennepin, 
hare it 600 Feet perpendicular; but he has gained little 
eredit in Canada; the name of honour they give him there, is 
un grand Menteur, or The great Liar; he writes of what he saw 
im places where ie never was. “Tis tr ue he saw this Fall: but 
as 1t is the way of some travellers to magnify every thing, so 
has he done with regard to the fall of Niagara. This humour 
of travellers, has occasioned me many disappointments in my 
travels, having seldom been so PADDY | as to find the wonderful 
things ‘that had been related by others. For my part, who am 
not fond of the Marvellous, I like to see things just as they are, 
and so to relate them. cine Father Pea time, this 
Fall, by all accounts that have been given of it, has grown less 
and less: and those who have measured it with mathematical 
instruments find the perpendicular fall of the water to be 
exactly 137 feet. Monsr. Morandrier, the king’s engineer in 
Canada, assured me, and gave it me Ate aul his eee: that 
137 Feet was precisely the height of it; and all the French 
Gentlemen that were present with me at the Fall, did agree 
with him, without the least contradiction: it is true those who 
have tried to measure it with a line, find it sometimes 140, some- 
times 150 feet, and sometimes more; but the reason is, it can- 
not that way be measured with any certainty, the water carry- 
ing away the Line. When the water is come down to the bottom 
of the rock of the Fall, it jumps back to a very great length in 
the air; in other places it is white as milk or snow; and all in 
motion like a boiling chaldron. You may remember to what a 
great distance Hennepin says the noise of this great Fall may 
be heard. All the gentlemen who were with me, agreed, that the 
farthest one can hear it, is 15 leagues, and shat very seldom. 
When the air is quite calm, you can hear it to Niagara Fort; 
but seldom at other times, because when the wind blows, the 
waves of Lake Ontario make too much noise there against the 
Shore. They informed me, that when they hear at te Fort the 
noise of the Fall, louder than ordinary, they are sure a North 
East Wind will follow ;which never fails: this seems wonder- 


ful, as the Fall is South West from the Fort: and one would 
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imagine it to be rather a sign of a contrary wind. Sometimes, 
’tis said, the Fall makes a much greater noise than at other 
times; and this is looked upon as a certain mark of approaching 
bad weather, or rain; the Indians here hold it always for a 
sure sign. When | was there it did not make an extraordinary 
great noise’ just by the Fali we could easily hear what each 
other said, without speaking much louder than common when 
conversing in other places. J do not know how others have 
found so great a noise here, perhaps it was at certain times, as 
above-mentioned. rom the Place where the water falls, there 
rise abundance of vapours, like the greatest and thickest smoak, 
sometimes more, sometimes less: these vapours rise high in the 
air when it is calm, but are dispersed by the wind when it 
blows hard. If you go nigh to this vapour or fog, or if the wind 
blows it on you, it is so penetrating that in a few minutes you 
will be as wet as if you had been under water. I got two 
young Frenchmen to go down, to bring me from the side of 
the Fall at the bottom, some of each of the several kinds of 
herbs, stones and shells they should find there; they returned in 
a few minutes, and I really thought they had fallen into the 
water: they were obliged to strip themselves quite naked, 
and hang their clothes in the sun to dry. When you are on 
the other East side of the Lake Ontario, a great many leagues 
from the Fall, you may, every clear and calm morning, see the 
vapours of the Fall rising in the air; you would think all the 
woods thereabouts were set on fire by the Indians, so great is 
the apparent smoak. In the same manner yon may see it on 
the West side of the Lake Erie, a great many leagues off. 
Several of the French gentlemen told me that when birds 
come flying into this fog or smoak of the fall, they fall down 
and perish in the Water; either because their wings are become 
wet, or that the noise of the fall astonishes them, and they know 
not where to go in the Dark; but others were of opinion, that 
seldom or never any bird perishes there in that manner; be- 
cause, as they all agreed, among the abundance of birds found 
dead below the fall, there are no other sorts than such as live 
and swim frequently in the water; as swans, geese, ducks, 
water-hens, teal, and the like. And very often great flocks of 
them are seen going to destruction in this manner: they swim 
in the river above the fall, and so are carried down lower and 
lower by the water, and as water-fowl commonly take great 
delight in being carried with the stream, so here they indulge 
themselves in enjoying this pleasure so long, till the swiftness 
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of the water becomes so great, that ’tis no longer possible for 
them to rise, but they are driven down the precipice, and perish. 
They are observed when they draw nigh to the fall, to endeavour 
with all their might to take wing and leave the water, but they 
cannot. In the months of September and October, such abun- 
dant quantities of dead waterfowl are found every morning 
below the Fall, on the shore, that the garrison of the fort for a 
Jong time live chiefly upon them; besides the fowl they find 
also several sorts of dead fish, also deer, bears, and other ani- 
mals which have tried to cross the water above the fall; the 
larger animals are generally found broken to pieces. Just below 
the fall of the water is not rapid, but goes all in circles, and 
whiter, like a boiling pot; which however doth not hinder the 
Indians going upon it in small canoes a fishing; but a little 
lower begins the smaller fall. When you are above the fall, and 
look down, your head begins to turn; the Mrench who have been 
here 100 times, will seldom venture to look down, without at the 
same time keeping fast hold of some tree with one hand. 

It was formerly thought impossible for any body living to 
come at the island that is in the middle of the fall: but an acci- 
dent that happened twelve years ago, or thereabouts, made it 
appear otherwise; the history is this. Two Indians of the Six 
Nations went out from Niagara Fort, to hunt upon an island 
that is in the middle of the river, or strait, above the great 
fall, on which there used to be abundance of deer. They took 
some French brandy with them, from the fort, which they 
tasted several times as they were going over the carrying place; 
and when they were in the canoe, they took now and then a 
dram, and so went along up the strait towards the island where 
they proposed to hunt; but growing sleepy, they laid themselves 
down in the canoe, which getting loose drove back with the 
stream, farther and farther down till it came nigh that island 
that is in the middle of the fall. Here one of them, awakened 
by the noise of the fall, cries out to the other, that they were 
gone! yet they tried if possible to save life. This island was 
nighest, and with much working they got on shore there. At 
first they were glad; but when they had considered every thing, 
they thought themselves hardly in a better state than if they 
had gone down the fall, since they had now no other choice, 
than either to throw themselves down the same, or to perish 
with hunger. But hard necessity put them on invention. At 
the lower end of the island the rock is perpendicular, and no 
water is running there. This island has plenty of wood, they 
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went to work directly and made a ladder or shrouds of the bark 
of lindentree, (which is very tough and strong,) so long ’till 
they could with it reach the water below; one end of this bark 
ladder they tied fast to a great tree that grew at the side of the 
rock above the fall, and let the other end down to the water. 
So they went dn along their new-invented stairs, and when 
they came to the bottom in the middle of the fall, they es 
a little ; and as the water next below the fall is not rapid, a 
before mannene dt they threw themselves into it, thinking to 
swim on shore, I have said before, that one part of the fall 
is on one side of the island, the other on the other side. Hence 
it is, that the waters of the two cataracts running against each 
other, turn back against the rock that is just made the island. 
Therefore, hardly had the Indians began to swim, before the 
waves of the eddy threw them with violence against the rock 
from whence they came. They tried it several times, but at 
last grew weary; and being often thrown against the rock they 
were much bruis’d and the skin of their bodies torn in many 
places. So they were obliged to climb up their stairs again to 
the island, not knowing what to do. After some time they per- 
ceived Indians on the shore, to whom they cried out. These 
saw and pity’d them, but gave them little hopes of help; yet they 
made haste down to the fort, and told the commander where two 
of their brethern were. He persuaded them to try all possible 
means of relieving the two poor Indians; and it was done in this 
manner. The water that runs on the east side of this island is 
shallow, especially a little above the island towards the eastern 
shore. The commandant caused poles to be made and pointed 
with iron; two Indians determined to walk to this island by the 
help of these poles, to save the other poor creatures, or perish 
themselves. They took leave of all their friends as if they were 
going to death. Each had two such poles in his hands, to set . 
against the bottom of the stream, to keep them steady. So they 
went and got to the island, and having given poles to the two 
poor Indians there, they all returned safely to the main. Those 
two Indians who in the above mentioned manner were first 
brought to this island, are yet alive. They were nine days on 
the island, and almost starved to death.* 

Now since the way to this island has been found, the Indians 


*These Indians had better fortune than ten or twelve Utowawas, who 
attempting to escape here the pursuit of their enemies of the Six Nations, 
were carried down the cataract by the violence of the stream and every 
one perished. . . . No part even of their canoe being ever seen again. 
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go there often to kill deer, which having tried to cross the river 
above the fall were driven upon the island by the stream; but 
if the King of France would give me all Canada, I would not 
venture to go to this island; and were you to see it, Sir, I am. 
sure you would have the same sentiment. On the west side of 
this island are some small islands or rocks of no consequence, 
The east side of the river is nearly perpendicular, the west side 
more sloping. In former times a part of the rock at the Fall 
which is on the west side of the island, hung over in such a man- 
ner, that the water which fell perpendicularly from it, left a 
vacancy below, so that people could go under between the rock 
and the water; but the prominent part some years since broke 
off and fell down; so that there is now no possibility of going 
between the falling water and the rock, as the water now runs 
close to it allthe way down. . . . The breadth of the Fall, 
as it runs into a semicircle, is reckon’d to be about 6 Arpents. 
The island is in the middle of the Fall, and from it to each side 
is almost the same breadth; the breadth of the island at its lower 
end is two-thirds of an Arpent, or thereabouts. . . Below the 
Fall in the holes of the rocks, are great plenty of Eels, which 
the Indians and the French catch with their hands without other 
means; I sent down two Indian boys, who directly came up with 
about twenty fine ones. . . Every day, when the Sun shines, 
you see here from 10 o’elock in the morning to 2 in the athe: 
noon, below the Fall, and under you, when you stand at the side 
over ‘the Fall, a glorious rainbow and sometimes two rainbows, 
one within the other. 

I was so happy to be at the Fall on a fine clear day, and it! 
was with great delight I view’d this rainbow, which had almost 
all the colours you see in the rainbow in the air. The more 

vapours, the brighter and clearer is the rainbow. I saw it on 
the East side of Hie “all in the bottom under the place where I 
stood, but above the water. When the wind carries the vapours 
from that place, the rainbow is gone, but appears again as soon 
as new vapours come. From ihe Fall to the landing above the 
Fall, where the canoes from Lake Hrie put on shore, (or from 
the Fall to the upper end of the carrying-place) is half a mile. 
Lower the canoes dare not come, lest they should be obliged to 
try the fate of the two Indians, and per rhaps with less success. 
They have often found below the Fall pieces of human bodies, 
perhaps of drunken Indians, that have unhappily come down 
the Fall. I was told at Oswego, that in October, or thereabouts, 
such plenty of feathers are to be found here below the Fall, that 
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a man in a day’s time can gather enough of them for several 
beds, which feathers they said came off the birds kill’d at the 
Fall. I asked the French, if this was true? They told me they 
had never seen any such thing, but that if the feathers were 
pick’d off the dead birds, there might be such a quantity. The 
I’rench told me they had often thrown whole great trees into the 
water above, to see them tumble down the Fall. They went 
down with surprising swiftness, but could never be seen after: 
wards; whence it was thought there was a bottomless deep or 
abyss just under the Fall. I am also of Opinion that there must 
be a vast deep here; yet I think if they had watched very well, 
they might have found the trees at some distance below the Fall. 
The rock of the Fall consists of a grey limestone. 

Here you have, Sir, a short but exact description of this 
famous Niagara cataract: you may depend on the truth of what 
I write. You must excuse me if you find in my account no ex; 
travagant wonders. I cannot make nature otherwise than I find 
it. I had rather it should be said of me in time to come, that I 
related things as they were, and that all is found to agree with 
my Description; than to be esteem’d a false Relater. I have 
seen some other things in this my journey, an account of which 
I know would gratify your curiosity; but time at present will 
not permit me to write more; and I hope shortly to see you. I 
am, &e. 


PETER KAIM. 


(C) 
DESCRIPTION OF THE FALLS OF NIAGARA 


BY 


ANDREW ELLICOTT In 1789*. 


Among the many natural curiosities which this country 
affords the cataract of Niagara is infinitely the greatest. In 
order to have a tolerable idea of this stupendous fall of water 
it will be necessary to conceive that part of the country in which 


*In a letter from Andrew Ellicott, Esq., to Dr. Rush, of Philadelphia, 
Illustrated by a well engraved view of the Falls, delineated by Mr. Blli- 
cott. Massachusetts Magazine, July, 1790, pp. 387-388. (Note.—The illustra- 
tion can scarcely be considered as good.) 
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Lake Erie is situated to be elevated above that which contains 
Lake Ontario about three hundred feet. The slope which 
separates the upper and lower country is generally very steep 
and in many places almost perpendicular. It is formed by hort 
zontal strata of stone, great part of which is what we commonly 
call limestone. 

The slope may be traced from the north side of Lake Ontario, 
near the bay of Toronto, round the west end of the lake; thence 
its direction is generally east, between Lake Ontario and Lake 
Erie. It crosses the strait of Niagara, and the Cheneseco river, 
after which it becomes lost in the country towards the Seneca 
lake. It is to this slope that the country is indebted, both for 
the cataract of Niagara and the great falls of the Cheneseco. 

The cataract of Niagara was formerly down at the northern 
side of the slope, near to that place which is now known by the 
name of the Landing; but from the great length of time, added 
to the great quantity of water and distance which it falls, the 
solid stone is worn away for about seven miles up towards Lake 
rie, and a chasm is formed which no person can approach 
.without horror. Down this chasm the water rushes with a most 
astonishing velocity, after it makes the great pitch. In going 
up the road near this chasm the fancy is constantly engaged in 
the contemplation of the most romantic and awful prospects 
imaginable ,until, at length the eye catches the falls—the ima- 
gination is instantly arrested, and you admire in silence! The 
river is about one hundred and thirty poles wide, at the falls, 
and the perpendicular pitch one hundred and fifty feet. The 
fall of this vast body of water produces a sound which is fre- 
quently heard at the distance of twenty miles, and a sensible 
tremulous motion in the earth for some poles round*. 

A heavy fog, or cloud, is constantly ascending from the 
falls, in which rainbows may always be seen when the sun 
shines. This fog, or spray, in the winter season falls upon 
the neighbouring trees where it congeals, and produces a most 
beautiful crystalline appearance. This remark is equally appli- 
cable to the falls of the Cheneseco. The difficulty which would 


It ig said by those who have visited the stupendous cataract that 
the descent into the chasm is exceedingly difficult, because of the great 
height of the banks. A person, having descended, however, may go up 
to the bottom of the falls, and take shelter behind the torrent, between 
the falling water and the precipice, where there is a space sufficient to 
contain a number of people, in perfect safety; and where conversation 
may be carried on, without much interruption from the noise which is 
less here than at a considerable distance. This is not unworthy the at- 
tention of the philosophic reader. 
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attend leveling the rapids in the chasm prevented my attempt- 
ing it; but I conjecture the water must descend at least sixty- 
five feet. The perpendicular pitch at the cataract is one hun- 
dred and fifty feet; to these add fifty-eight feet, which the 
water falls in the last half mile, immediately above the falls, 
and we have two hundred and seventy-three feet, which the 
water falls in a distance of about seven miles and a half. If 
either ducks or geese inadvertently alight in the rapids above 
the cataract, they are incapable of getting on the wing again, 
and are instantly hurried on to destruction. 

There is one appearance at this cataract worthy of some 
attention and which I do not remember to have seen noted by 
any writer. Just below the great pitch the water and foam may 
be seen puffed up in spherical figures, nearly as large as com- 
mon cocks of hay; they burst at the top and project a column of 
spray to a prodigious height; they then subside and are suc- 
ceeded by others, which burst in like manner. This appearance 
is most conspicuous about half way between the island that 
divided the falls, and the west side of the strait, where the. 
largest column of water descends. 

I am, etc., 
ANDREW ELLIcort. 

Niagara, December 10, 1789. 


Mr. Ellicott’s estimate of the age of Niagara is not given 
here, but it is found in the ‘Journal of William Maclay,’ 
(Appleton’s, 1890.) This memorandum of Mr. Maclay, ex- 
pressing astonishment, was made in 1789. (See page 20.) 
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SURVEY NOTES OF THE RECESSION OF THE FALLS. 


Prof. Hall’s survey, which was the first made for determin- 
ing the recession, must remain the starting point; and, accord- 
ingly, his map is reproduced in Plate v. 

He and subsequent surveyors have left certain permanent 
monuments, to which I have added others. Only a few of these 


© 


need be preserved, and the following is a list of them :— 


Stations. T. P. No. 6, 1842 (Hall).—A square-topped stone monument about 
six inches across, rising seven inches above ground, in the path 
along the bluff on the southern side of Goat island, opposite the 
apex of the Canadian falls. A rude figure ‘‘6’’ appears on the 
northern side 


M. 1890 (Kibbe).—A stone monument in edge of gravel walk at the head of 
the path leading to Terrapin rock on the southwestern side of 
Goat island ; now covered with ten inches of gravel, but at 
present accessible through a small tile pipe. I used a station 
“S$” 493.5 feet from T. P. 6, (which is an excellent point). 
“S$” is almost identical with ‘“ M.” 


Loretto. 1886 (Woodward).—A brass screw one-half inch in diameter set 
into tin deck of cupola on Convent, directly under centre of 
cross. This station, which has an altitude of 192.5 feet above 
the bench mark at Table Rock House, is one of the best for 
observation. The top of the screw is marked by a cross. 

G. 1890 (Kibbe).—Brass bolt one inch in diameter near edge of cliff 262.5 
feet from the southeast corner of Table Rock House, and thir- 
teen feet from crest line. The ground at this point has been 
covered by several feet, with a stone wall in front. However, 
a cast iron pipe about ten inches in diameter surrounds it and 
rises above the rocks near the pump house. 


D. 1904-1905 (Spencer).—This monument of stone is six inches square with 
brass bolt. It is marked G. S. D. This is in the centre of the 
sidewalk about sixty-four feet south of the northeast corner of 
Loretto grounds. It was originally used by the Electrical De- 
velopment Company, and is 123.0 feet above the bench mark at 


Table Rock House. 


GC. 1904-1905 (Spencer).—Brass bolt in stone monument six inches square 
marked G.S.C. on the brow of the hill above the Michigan Rail- 
way terrace (Falls View) 930 feet northward of Station D, 
between which points base line was taken. It was also an Elec- 
trical Development Company station. It is 1388 feet above bench 
mark Table Rock House. 


444 FALLS OF NIAGARA Ee SUN 


F, 1890 (Kibbe).—Brass screw with cross on top in platform round cupola 
of Table Rock House. It is 23.3 feet from northeastern edge of 
main body of the more eastern of the two southern chimneys, 
and 28.2 feet from northwestern edge of the more westerly one. 


The distance from: LorettontetD.: 25 f. sea. ae 226.5 feet. 
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The base of the flagstaff of the Natural Food Company, 
Niagara Falls, N.Y., is a very conspicuous feature, and may be 
found convenient in measuring angles from stations along the 
brow of the Canadian highland. From Loretto Convent bolt 
the angle between the flagstaff and T.P. 6 is 6° 12’ 30”, and 
between flagstaff and M it is 15° 43’ 30”. Other temporary 
positions were used which were easily connected with some of 
the points mentioned. 

For the survey of the greater part of the crest, stations on 
the hill from 120 to nearly 200 feet (Loretto) above the datum 
of Table Rock House on the Canadian side, were found very 
much more valuable than the low ones on the Goat Island side. 
From these high positions the sharp line of the water was de- 
fined along the crest on the western side; while with good light 
the edge of the rock was distinctly shown beneath the thin sheet 
of water on the eastern side. . Indeed from the Goat island 
side, it would be impossible to make a survey of the crest on 
account of the low sloping rock surfaces, and inability there- 
from to determine the exact edges. However, a good tangent 
line at the head of the apex, and some of the rock features 
below the surface farther toward the Canadian side, could be 
well seen. 

There were many points of rock that could be well distin- 
guished from two or more stations. Again little channels in 
the river had more or less permanent features and could be 
used. Such was the foundation of the survey of 1904. In 
addition enlarged photographs were used in 1905, and it was 
found that.many small rapids had points that could be recog- 
nized when using the photographs. I had hoped to correct and 
fill in additional data from the use of vertical angles after 
taking levels of the river; but in the irregular surface it was 
found to be impossible to get levels sufficiently accurate, as the 
horizontal error would amount to from five or twelve times that 
or the vertical. 

As may be seen from a comparison of the successive sur- 
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veys, some crest lines show more advanced positions than older 
ones, indicating an error of judgment. No two surveys would 
show exactly the same results in the minute detail owing to the 
personal equation. In my survey of 1904 all positions were 
agreed upon by Mr. Goodwin and myself. Our object was to 
find the position of the edge of the rock. In throwing the 
transit lines across the crescent, those striking the water at high 
angles were unquestionably good; but in the lines crossing the 
direction of the current, especially where the water was deep, 
the question of judgment was involved,—as to what point to 
take, whether to adopt that where the water first broke, or where 
it was actually falling, or an intermediate point. There is 
absolutely no means of eliminating this personal element. 

In order to establish doubtful points it was said that Mr. 
Hall of the U. S. Geological Survey used searchlights, and 
worked at night, in order to eliminate the difficulties arising 
from want of proper pickets, as has been done by the Japanese. 
At first glance this method appeared to solve the difficulty ; but 
after the experience with the question of personal element in 
fixing the points it remained precisely where I found it—judg- 
ment as to what part of the curve one should take. This could 
not be eliminated even by cross lights. But I lived with the 
falls and learned to recognize minute features. The appear- 
ance of the apex varies from different positions. Near station 
C one can look directly along the axis of the little central chan- 
nel which is being formed, (see Plate 6) but nowhere is there 
a large V or a channel reaching down through the rocks. It is 
only a superficial incision. From T. P. 6 on Goat island, two 
or three small superficial crevices are apparent; from M on 
Goat island, owing to the low position and configuration of the 
floor of the river so that the actual edge of the rocks is not well 
seen, one might be led to suppose that a trough of some size 
existed. This idea is dissipated on examination from the 
Canadian side. 

My survey of 1904 was the fifth made for the purpose of 
determining the recession, and the resurvey in October and 
November of 1905 makes it the last. Mr. Hall’s survey came 
in between these two, but it was not published until after my 
second edition was printed. The first edition was made to 
accompany Summary Report of the Geological Survey of 
Canada, 1905. The accuracy of apex in my survey is shown 
in photograph Plate vr. 

Besides determining the rate of recession during the last 
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fifteen years, my survey establishes the fact that there has been 
no central recession. This confirms the earlier views of nearly 
twenty years ago—that the crest is alternately one of flattened 
form, sueceeded by another with a sharp apex-retreat. The 
form of the crest line in 1819 has not been previously studied, 
but it establishes this view. 

The fall of the rock during November (1905) mentioned on 
page 35 is sketched on map (Plate ir.) from the appearance, 
such as is shown in a photograph. I had expected such a fall as 
this, and should look for a very considerable widening of the 
crescent, as the river beneath Goat island shelf is being under- 
mined along the side of the deepest part of the channel. 

If reference be made to Plate xry. there will be observed a 
transverse zone of comparatively smooth water extending from 
the apex diagonally across the course of the rapids above the 
falls. This is a most important feature as here is a fragment 
of a transverse valley of pre-glacial date. 
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WOO We GiatoR nel (GMI) coe conencosanaaceoanse 60 
Teo eas OMMLOREACO ts cr arene pemmeN eis None ae 65 (2) 
mit AS) NAYS Isvellonny EIEN WHOIS, Gok cosGues dan aceme 12 
isWl Dd aRoreiics SEES es BID OO Shi ees Ed a 20 
wW 25 EK aiecw a) w 4) Om Oe 6 cele aioe Lop aprelisuh! wen tk i? ce 40 
" 86 W. dug Mirae imaaserteh eau ats fenaps 35 
LAER Ode Vice ike. toca Mitedtece Set Saar dl aun tee 31 
» 129 S. Ki. (salty) rock. 5D 
1 127 Rea tay ea Sat en re Rn ee 32 
To S. E. TiN wae een Seer tent deere Ne 70 
W 64 S. WRT ab, eerie laters: 84 
fied oy Sl Dana toi dori cua eeetant ty hak aumeneeamae, Mhulerenne 35 
Mpa Sia er Well MONG Abaiac ane <yseceaw aerate mena eee sists 105 
i tl) INE WA Soullesismomtere Gano. chcAanes scare. 100 
m toll tei Nie Gbiters S o ee Ne A ri ee ea ae 3D 
sen 1S LRRD AOD ott ae Ee te Rae ec eon 35 
n 103. W. geen a ets er Siam aH Ate pak Rae iyariczad 36 
(LOO RANG OC kes. Weekend Rt Pay, kane teres SN ee a,c 14 
"W 120 N. EY Marae Sbu alla teens atl sitape os pe hacri Leda ttelelé: Li hel tats ola b Mee alters Con echibe Saks 30 
tek LOSING VV SE TOC La eects Maren eine oes Peemieyn Ts ey bits 40 
Ha LUO MeN: centnemocke..5;. ce sume ave intien. ences 42 
» 109 N. dug. Ofer ntcntarres cacieo Nowa Penweatns 40 
Tid Tee WV ca LOCKS One espe ce ae iene Ape a? 40 
nw 6k dug. Spee eee se TN | Koes Koo ey eich Mah ey stores rere oawe tay 40 
u 65 MO KPOCKAUY Us om uments peter, acer Maar oe aie 35 
vn 58 rock picket cacice BUo hac a en oe 50 
un 64 §. middle rock........ 90 
w" 66 Le OE eeu 60 
SurGGne Wis momuelk ate Me tse a Mere deren ei 60 
i MAB SR ONO IKe na no\Gl ona ae Ea a.tts.a Sere Sere ernie ce are ; 72 
(eee Oe Via redishaleceetm. eter Matte ceuaersage eens ise 13 
m hey Be " Sets Peet os er Sa CI Oe 13 
nw 2 TO, VOC Ki apmees ree, Oe ce toe Pera ed cane 33 
" vin N. NU Cacreidusrlstetiebsshiehere Wile el6)  wisusicasalle fale) Wieje) ic ehvls 47 
mo) 8D), Ce Pa oe Pay een means 45 
a oe TOC He alee ah smiths os Gre en ee mmele 44 
Bil no rock. Pas on rate Coa TTR 63 
Nia ori ale, Ce NVerock maine seen eee eee 25 to 30 
Teel Jae Peal RO Chee ty see oun ope ste riske, treat ase 80 (60 ft. above riy.) 
ct MONS Ml Ove Cris, mitts hee tcere BRERA Ae ier re a mehr eer et emer 75 
n 80 Ss. W. dug Nici Crit CRLeOn ROM Ee OPER ort Tt oi APR ache Choa 68 
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ASP P TAN Dexa Ve: 


METEOROLOGICAL TABLES. 


TABLE I.—SHOWING IN INCHES THE MEAN MONTHLY RAINFALL 
IN THE BASIN OF LAKE SUPERIOR.* 


. | =) i ae 

Sialic OS eins Be 

Years Teldlelstalelfleldlelaldi 

ee en | ey al eth het es relies ON et Mitra Nee eteaMaceae ty 
| | | | 

[eapeet eae ae Ae EEN eS elt Aa Cees A toy “horas he 
1888) see -/1°49|0°99|0: 68/1 25|2° 484° 32 3°95 1°77/2°23/2°72.2°93. 2°12) 26-93 
TSCA acer ee ee 0° 83/1°75!1°14|2°57|3° 22/1 -21/2°74,5°29|5-25|4:52)1-42/3°62| 33°49 
1GS5 Sees eepokae 1°32|0°61|1'36|1'48'1°98 3°52 3°04/2°162°04/1°63 2'651°89 23°68 
USShosieeet See, 1-71|1°75|1°27|1°76 1°43/2°71/1 50/208 3°66)2°84/2-04|1-05 23-80 
[GS 7h we ere 0°89 1°24/0°50/1°45 1°98)1°93 5°20/1°02 1°18 2°581-49 1-41 20°87 
1888 1°88/1°12]1°85!2°01/2°67/3-79|1°85|2°84|2°72 2°03 2°00|0°86) 25°62 
19807.8 seine ted 1°87/1°39|1°56|3° 352° 22/2°10 4°35|3-74'3°61/1-09'1-°22|2°47| 28-97 
TS90kee eee 2°30 2°34)1°02/1°67 2°36)3°09 4°19/3°02 2°45 2-03 0°69/0-°84, 26-00 
EON ete ARR ae 1 03/1" 62|1°70/0°87/0'58/1°46 3°17/3°12 2°70|2°63 1°68)2°03, 22°59 
{990} ee ee eens 1°33'1-03/1-11/1°64'2- 491-82 2-75/3°53/1°79/2°18.2°01/1°39| 23-07 
1893... .|1 58 2°00/1-55|2°66 2°13 3°22 2-62|2°74/2-58|3-03 2°03.2°74| 28-88 
1804-2632 pe 1°70|0°64|2°28|2°08'3°78|1°88'2°02/2°05|2°75/4°51.2°3911°63 27°71 
LSOH et ee eae, 2°27|1°03/0°67/1:82|2°87|3°21|2°22/2-28/4-68/1-81/1-63/1°88| 26°37 
{S960 eed eee 1°76|0°96|1- 23/3: 38/4" 60|1°78|1°62|2°62/1-59|3°08/4-23.0°66) 27°51 
180 7A ee eee 2°58|1°35/1°89|1- 60|2°50/3°16 5°68|2°55 2 03/2°51/1°74/1°58| 29 17 
ASOScarct ee eet 1°13/1°77|1°55|0:°77/3°37|4:°28|2°42/2-48|2-43/2 76/1711: 40] 26-09 
1800s tyme tee 1:61/1°05/2°11/2-16|3°78)]4°28 2° 20'3-28/2-97|2°62/0°59|2-29| 28-94 
1900. 1°29/1°55 3-30) 1°67/1°36/2°04 4°32 4-99 6-22 2°46 1-80 1°29] 30°29 
ARNIS eso winkeye 160|0-80|2°16|1°01/1°84/4°55 4-48/2°22/2-69|2°75|1°70/1- 36! 27-16 
1902S eee eae 1°74)1 09 (0°79|1°7612°62|2°88|3°10 2:18 2°23'2:4919-84]9-14 25°86 
G03 Mpette ites tates 0 82/1°11)2-19|2°45/3°76!1°49|5°49 4°39'5°35.3°03'1-80/1°30) 33°18 
1904 0°90|1°00 1°90/1°30 3°40 3°40|3°40 3°66 4°50 3°60\0°60 2°00, 29°60 
1905S; ots. we 1°50,0°60 1°10/1°40 3°006°30]4°10 ee 2°90 240,120 32°40 


In table given by the Meteorological Bureau, years run from November to Octo- 
ber. In present tables, calendar years are taken. Means will thus differ slightly. 

* Por years 1882-1898 as adapted from meteorological report in report of Chief of 
Engineers upon Survey of Northern and Northwestern Lakes, 1903, pp. 2878-2879 ; 
for ‘subsequent years data obtained from Meteorological Bureau. 
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TABLE IIl.-SHOWING IN INCHES THE MEAN MONTHLY RAINFALL 
IN THE BASIN OF LAK#S HURON AND MICHIGAN. - 


Wem sap ass Al seelcua) | ag 
Years. Saou Reka em ctor Solel On el ie a 
D a S 5 eel alll a os 
Isjelel<|/2/S|/4/418)S)24/4) 4 
| | | 
i | | | 
Tepe aaron Lil eM NP 2 ROL sO Peo |e (ce a a 
1883... ..... .... ./2°31/3°28)1°10)1-65,5°33/5°86)/6-11|1-6413° 66/3193 63|1-87| 38°63 
eee oc cara & ob . 2°67 3°13 2° 28)2°02)2°57|2°73)3° 10/2" 4713 50/4: 44/2°16/4°54| 35°61 
SSDs Werte aes ere 3°03/1°74/1:30|2°25|2°58|3°61/2°87|4-69|3-04'3'09'3-06.3°24) 34°50 
Uses acs ase - . j4°00)2°20'3°21|2°23)1°86/2°67|1°43|3° 94/4: 62|2-67|2°66)2°07) 33°56 
USS (eee er eee | cOls Ole LON soli te63\2 lu 3°10|1°73|2°52|3-22/1°78.3-78| 29°60 
dus CORRS \2°20,1°81/2°84)2°20|3°11\1°63)/1°77|259|3°11/2° 43/2 64/200] 29-33 
US SO gars orcesses sccm noose 2°42 2°05|0°65)1 58)3°59)4° 46|2°73|1°52)3°18]1- 22,2 84/328) 29°47 
SOO reece! 3°71)2°30)2°00)2° 733° 62/3° 94/3 07|3°17|1 97/8" 68]2°01|1°58) 33°78 
ei Le cons Senaos 2°44 2°92,2°83|2°04/0°80/1°97)2°34/3°91)1°80/1°74)5°10)2°49| 30°38 
TCP iene) ao al cen 2°77|1 95)1°15]1°89)4 17/5: 01/3 05/3°16|2° 81/2°13/2°64/2°39| 38°12 
BOS sete ae eae ae 2°78 /2°22'2° 16/3 88]2° 83/2: 44|3°32/2-01/2: 84/3 °65\3°11/4-24| 35°48 
SOA: eee rina: 2°57 |1°52/2' 60/1 82/4°82)2°70)1°45)1-16)3°72 3° 26/2°56 2°52 30°70 
1895... ... . .....|3°79)1°64/1°19)1°45)2°90)1°49)1 21/2" 96/3: 06|1-40'2°97\3° 84) 27-90 
1896... ..... .... 11°90)1°53!1°57/2- 84/3 -06)2° 34/2 26'3-49)4-45]1-71/3°72|1-33) 30-20 
BOT ers sc .. 8 70'1°33|2° 98/3" 18)3°06'2° 60|3°47|2°11)1 34 |2° 36 2°60)2°38} 31°11 
ite loheen ose ere mares 2°79)\2-26)3°12|1°79|2° 5813-771 59|3°38]2° 46/2°34'2°29 1°58: 29-95 
1899...............|1/50/1°34,2- 681 -53)/3.70|3- 20/3" 79|1 37/2 87/2 58)1-14)2°35! 28°05 
QO OE eee tera oe hee 1°36)2°85|1- 67/1 92/2°31\2°51)5"61|3°78|3°38|3' 29 3°360-75 32°79 
LOO aie eracieeseares| 1°78/1-54)3°16,0°95|2°25)2°83/4°10/2°07|2°56/3:29 1°34/2-21' 28-08 
OO De yah rcreie,s eke |0°71|1°46|2°57|1°72|4° 72/5: 06|5° 23/1 27)3°50)1°99 2°52\2°33) 33°08 
1 US canoe aaeee eae \146|1-89)2° 21/3 25/286 2°28/4°25/4-79/3 65/1 94/1°50)1°90, 31°98 
LOO tee ae 150/1 -80/3°30 2°10|2°10 3°10]3°10)2°90)3°90 2°90 0°30)1:80 28°80 
LD OD erates eo ee ‘Mon|thly| record | omitted |in cjoun'|ting records ofth e two 
| oe ee ac cecie ce SSS ea Ge 2c 35°30 


TABLE IIlL—SHOWING IN INCHES THE MEAN MONTHLY RAIN- 
FALL IN THE BASIN OF LAKES ST. CLATR AND ERIE.+ 


| 
| 


| a = ice 

Tol iis : ¢ re Ps 5 

Years. Rep 2 eh ee | ele) ey el ge | BS 
ISlelett|/a is iejaja}o|4/a| da 

USSAR epees Gite Pie ee ere Numata eters eutectic eee lMexckss fcberetoaltearierey| S scetel rere peril) phe 
abcter Bem coon, oe erent cas 1°66/3°94)1- 45/203 6° 03)4° 96/5" 13)2°02)2°57/3° 21/3 01|2° 31) 38°32 
SSE aeenm ores att: 2°15/3°93)2°61/1°51/2°72/2-59/3°61)1°79)2° 37/2 46)1-°96)2°81) 30°52 
SSD een area 2°70/1°38] °96)2°64|3°91/4°78|2°89)/5 °34\2 56/3: 79/3: 21/2 :50) 36°66 
ESOOse pirat tae 83° 39/1: 92)2°52/2°61|2' 84/2°47|1°91|2°97|4°45)1°49|3°77|3°12) 33°46 
SS Teepe aisok 1°97/6:11|1 94/1 °73)2° 49/3 03)1°43|2°33/2° 71/2: 25|3°-12'2°85| 31°96 
USSSivantae tix cate.c hee 254)1°76 2°88/2°25)2°85|2° 36/2 °90|250)2°22|2°87 3°48,1:85| 30°51 
TS8O Mae aceeeee 2° 99)1°66)1°60)2°15/4°51|3°43)2° 711° 15/2°77/1° 44/3" 41/3" 42) 31°24 
UCU wec.ca ool 14-11/3°10|2°89/3- 31/5 33/3 88/1 °38)3° 44 3°49/4°89 2°98\1°43) 40°23 
SOL tee ene ete 12°14 4 20 3°13]2°02|1-61/2°92/2°76|3°21)1°96)2°07)5 55/220) 33°77 
UC DAD 5 Sn oes ea 2° 26|2°76 2° 42|2°55)7°87|5°98)3 43/2 °88)3°48 1103 08 1°63) 89°44 
BOS eectoate ea: 2-79|4°58/2°1314:75/4°1112°89|2°42)2°07)1°50/3° 80/3 16/3: 23) 37°43 
1004s ne . {1° 92/2°75|1°81!2° 08/5 52/2: 62)1°63/0°67/4°01)3° 21 1°88/2 28} 30°38 
NS OO saat ese eee alae Wegal 1°43 1°66/2°29 1°50/2°09\2° 74/2: 32|1 27/4 °62/4°63) 28°41 
IRS Brats a peor _.. |1°73|2°60)2°60/2°98|2°57|3°79|5°58)/3°54/4°50)1°33)2°51/1°65) 35°38 
ASO Retitessverehe even sree ee 9°51/1:°66)3°62/2°59|3° 83)/2°77|/4 04'2°82/0°78)1°21 5°28 2 09} 33°20 
SOS cate, casa 3°75/2° 47/4: 1111 °87/3° 21/2 91/2° 99/2: 91)3° 31\2° 40 Pat ag 36°02 


* Michigan only. t : , 

+For years 1882-1898 as adapted from Meteorological reports in Rept. of Chief of 
Engineers upon Survey of Northern and Northwestern Lakes, 1908, pp. 2878-79 ; for 
subsequent years data obtained from Meteorological Bureau direct. 
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TABLE III.—Continued—OF ERIE ONLY. 


| la 4 2 $4 
o bale iG 5 2 =) C 6 at 
Years Be) SelB Bee erste ee) eee cole es 
Bie | S| se) Sis) 4) a lola) A! ae 
es { 
| | 

{SOG ten tein, 2°64/1 98 4°19 1‘17/4:17|2:03'3°76|1: 28/3. 10/2. 62/1°67|3°39| 32°00 
1900, eee 2°10/2°04/2°39 2°11/2°31 3:06 5°31/3°18/1°89|2°23/3°91/1°00) 31°53 
100 oe eee 1°92|1°67|2°74|2°68/4°08'3°20 3°11|3'47|2°54|1°49|2°07|3°81] 32°78 
1908 sale BRE 1:29|0°96 2°79 2:00/3°79'7°315:98]1°47|5° 47/2 55/2 03/311] 38°75 
19087 ave ene) 1:94/3°79|2- 42/4°58/2°24'3 95 '5-06|5° 23|2-13/2°71/1°90/2°20| 38°15 
L904. ace, cerns 4°50/3°00 4°90 3°00)2° 10 4°20 4°20/3°30/2°60180/0°40 2°20) 36°20 
Pina arene 1°90/1°60 1°80 .2°80)4°70 4°50 4°00)8:40)2°90)2°90,2 80/2°00| 35°30 


TABLE IV.—SHOWING IN INCHES THE MEAN MONTHLY RAIN- 
FALL IN THE BASIN OF LAKE ONTARIO. 


5 = : ; 5 3 A < = 
Years diols) eo) eR) es |S) el elsis) sae 
Cy Ea est 3 eS) ® o oe eae 
Sh die) He Pale ae i Ne Re Coe ees 
| | | 

d ote eccrine ic Aan, Eadeter ie eta: aster Iroeeteee [eae Mrectenel ies conte pula aoe tee 

LESSe ae cet eae 2°00)2 94/1 8412 01/5 60/4 90/4 59/2 °37/2°64|/2°30)2°18'1° 83} 35°20 
AGB ser Pe newer ase 3°67|3°06)3°11)1°13}3° 64/3 46/3: 45|2°59|/2°22/2- 43/2: 28 3°08) 34°12 
USSD see sunnarevete eetsraee eke 2°82/1°79)0° 89)2°34|2°74/4 06/3 18/5 °52/3°12/4-09|2°39|2°86] 35°80 
eee omauim Hace CUS 3°79|2° 02/3 05|3- 20/2" 31|2"33/3°35/2°77|3° 77/1: 93)4°74|1°97| 35°23 
BST 2o8 orcay eercreie ke 2°75/4° 20)1°83)1° 82/1 °64|2°77|3°78/2°77|1 74/2: 30/2 °00|2°73| 30°33 
ANoletoh sie Oona eat ons 2°47|1°84/2°75|2° 85/2 °35)3°39|1°88/4°13/3' 40'4:29|3°59|2°70, 35°64 
SSO era se ercier 3°91/2°21}1°62/3°16|3°39|6°79)5°17 2°02 3°10.3°47)/5°20.3°41, 43°45 
DB90 eae eisvarsh eis 3°98/3°29}3 09/2" 80/6" 26/4: 24/2°76|4° 81/6 68/4°90/2°93/2°98) 48°72 
169 ee ornare eeeeaerse 3°06;3°65)3°25/1°85|1°19/2°78 3° 32)4° 24/1 62)2°96)2°86)4°03) 35°81 
NOL eer enc ate OS vet 3°72/2° 28/2°93/1°09|5°61/5' 52/4 °28/5°70/2°16/1°89]3°65/1°46) 40°29 
L898 se naycraeias mereen’s 2° 03)3°56/2°13/3°53/5°81/2°50/3° 33/5: 65/3 24!2°31|2°05/3-°62, 39°76 
BOF loneeg le oncteactos 2°94)2° 61/1 65)3° 55/6" 77/3 23) 2° 62|1° 43/4 97/4: 22/2°07/2°45| 38°51 
LS 9D or raetren ob Sc 2°8411°77/1° 47/1 °86)2°58)2°57|2°60/3°89/2°29|1°41|3°54/3°94) 30°71 
1896. 2° 16/4 47/3°96)1 07/2 °59)2°89)4°86 2°50/4:36/2°66)2°68]1°41| 35°61 
ANS} Rea oes area iene 2°27/1°53/3:07|2°45)3°35/2°96/5°13)2°35|2-03/0° 80/4: 26/3°04' 33°24 
Ue} erent echeneratets 3°71/2°02/2°19|/2°51|3°58/300/2°30|5 573° 20/4 92)2°90|2-84) 38°74 
NSO Orcs Manscepaencte eres 2°31)1°70/3°81)1 64/3" 41)1°85)2°82)1°39/3°57 2°86)\1°86/3° 98; 31°20 
90S crete ne omtake ea 3°13'3°97|3°84.1°41/1°71)2° 27/4: 40 2°10/2°38/3-08/5°54/2°21) 36-04 
TOONS. 2°51)1°94/3 05 4°16/4°06|3°31/3° 83/5 °56|/2°92'1:73/3°04/4'36| 38°47 
HOO2s ate cases 2°49 /2°50|2°93 2°59|2°69/4°78/6°52)2°63 2°71|3°28/1°71|3°47| 38°30 
GTS Bers ty ericeoica eee 3°05)2°65/3°88)2°68/0° 46/5 °75)4° 33 4°82/1°50/4°88/2°00/3°10} 39-10 
NO OS kinteiess ene artes 3°40)2°90)3°50 3°20 3° 30/4 40/4 40/3°40/ 3°90 2°40 0°70/2°60} 38-10 
JRE UBER Alc eerie ae 3°00)1°90)2°00 2°00)2°90)5:30)/3°80)4°30/2°40 3:80|2°20/2:90| 36:50 

' | 


of Canada] 
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TABLE V.—SHOWING IN PER CENT THE MEAN MONTHLY RELA- 
oe HUMIDITY IN THH BASIN OF LAKES ST. CLAIR AND 
rauleal| sale iets 
eer ide ea Wiese isl <Aaios een lee We let = 
Sri | ——— 
IR a i ee eae BA ihe eee nee Noo eelleoalasaelindoctonmnl ere amee 
1883. 78°2\77°3|70 |65°6.68 |70°6|70-5|67 3/71 9)72° SES 5|73°5 
IUSTY Gt Oe Tate eee 77° 8|80°7|75° 2/68°7\67°3/70°1168 2168°9|71 171°9|76 |78-1 
Sa lee i ete 76°1|76°5|75° 2/728 73°2)72°5!74: 6179-8173 3/78 5180 |79°3 
SSG ee ee ee 81°8/77 8/78 6)74-3|72°3)72:3/69°6|72°8|70°6|172'8|74  |79°8 
SST ee 781/82 |76°5/68°868 |72°6/68-1/66°3/72°3'69°8|71°5177°7 
SSSR Beco e .|81 |77°5|75°1|64°7 676/68 8168-6170: 6174°6|74:5|75°3175°8 
LOS O ee earn tre ran 80 |80°5|74°3|70°3.65°5|76 |71-8|67-1/74 |70°8|80°5|77°1 
S90 ee ee eee 79° 8|79° 8/75 668° 1/73" 3/72" 5165-8170: 8177 5/80°6|74° 3/768 
TUTORS ee mere Re 82°5]77 1/776 726 65°6|71 6/67 °6|70°1\71 6/69 °5/73°6/72°5 
PSOOTE th Song ony 79°1|82°3/77  |68°5'77-6|77.7|68- 8|72° 3174 8|71°7|78' 8180°3| 
HQOS UTS ate 82°7)82°3|76 |74°8'71°8171°5/66 (66 \69-6173°3172°6|79°8 
Od Seetrn ene ace 76°8|78 |70°8'70 |73°1|67°8161°3|65 |72°3174°5|74:1/77- 
Kier cn see ee .|83 |80°3|74°7/69°3.66'1165°8/62°7|67°1168°3/65'1/76 3181-1 
1B96 pene |82°7\81 |78°1\75°1168-5|70 6173-5173: 3176°6.72'°1/76 |80°1 
OTe oie dee wtecte Sek |82°5|80° 6/77 °5|73°6/71:8]67°8)71-1/71-1\65-5|69 1/77 -8'79°8 
SO Rune clei wieines 79°5|79°8\75°5\65 5|71°8170°5\67°8|75°3|72°5,75°3)... |.... 
Meanie eee reee 80° 79° 6175: 470°1)70"1)71'1\68-5170-2|72-3172°6.75:1177°9| 73°60 
rae te 
Superior.........../81 9/80°8,77°8|73° 7689 |73°1|73-2|75:0|75-0|76°5/80°0|81°7| 76°40 
Huron and Michig’n|81°8 81°2)77°5|72°8(71°5|74_|72°1|74:3/75: 8/76 5/78: 8/81°2| 76.46 
Ontario..... . |80°9|80°2!76°5/70 |71:2/72°8!72  172°4173-7|75°6|75°7|78°9| 74:99 
i} | | 


TABLE VI.—SHOWING IN DEGREES F., THE MEAN MONTHLY TEM- 


PERATURE IN THE BASIN OF LAKHS ST. CLAIR AND ERIE. 


| : Sg 
Years. Bee Bi ees | eh lee e828 
Slee lated sls lt loa lols lai<s 
1399 wetter Se Pine Silas lee Ie eae aioe, Alcs 140"4198"8 
SCENT dee gee 21° 8|26' 4/28 °5]43°9/53°1/66'6'70°3 67°2/59 |50°7 43°2'32°6 
IS ot Tae NM 19°5/29 |33°1]43-1/57 | 68°5/68'5/67°3\549/39 30°3'30.3 
1885, Laser ak ss 21°5)16 4/24: 6|43°5/55°5 64°5/72°3 65° 6/61 5/49 |40°7/30°8 
ihe See ae say 22 2|24°9/33°2|47°8/56°S|65 69 5|68°7/63°7/53°1/37 6|23°7 
TORT aha ea oat eee 22828 4|29 8/43’ 6/61°6 67 °8/75°8|68°5,60° 2/481 38°6 30°1 
LBSS fee ces 19°5/25°2/28-2/42°7/54°367 (69-5 /68°1/59°9|45°8/40°8131°5 
1SS9 0 me teash ees 30°8 20°3/35°8/45°4|57°4/63°9/71°6 675 62°5|46°5 40° 6/39°9 
1RO0 os eee 35/84 |30°6/45°8/54°2/69°9171 166° 7|60°5|51°6 46°7 281 
1891. 99°4|32 |31°3/47°2|53°9)67-4166°8|69 167-1/51 [38°3/87°1 
(SOR Tae Lome eens 22°1/29°7|30 /44°3/54°7/69'1/71 |70°5(63- 2/51 -6/36°9]27-2 
1893. Ne eee 16°2/23°6|33°1/44°3/54°3.68°8/72 /69°1/62°1/52°9/38°9 29 
TOOdne mare meena |31°2/24-5/40°8|46-5|56°5 68° 9/72 9/68°7 662/53" 1/36°3/33°3 
antes aoe eae 213/18 2)29'146-9/58°7 699/69: 1/70°5 66°5/45°6/39°6 31:6 
1800 Hes eee ao 25° 9|26°2/28° 451° 1/63: 8/66: 972° 2/69°9 60° 3/47 8/42°6130°8 
ACOT eer? 23° 5/28 2|35-8|45°3/54'4/63'8)73- 9167 -2.65°1)55: 8/40 2/30 
TSO Whe Mwah cs 129°7|27°7/42 |44°3/57°9|68°6/72°11716|66°8/53-1)....|... 
Mennieeeras aueees 24°5)25°9]32"1 45: 3|56°5|/67°3/71°1/68°6/63°2/50°7|40 |30°9| 48-0 
| I 


* Authority same as prvceding tables. 
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TABLE, SHOWING IN DEGREES F., THE MEAN MONTHLY TEMPER. 
’ ATURE IN THE BASIN OF LAKE SUPERIOR. 


From the year 1882 to 1898 inclusive. 


EP cles | hie Bane 
; Cg Ney were woe eisai etsy Meceealll 7 oe Nd east 2) 
eee Sine en) ECan sarees 5 a S S o av 
oa ee ae eat ee eet ae 

= —|} (= 2 |- = = = = 

Mean.... | 6-2 8-3 18-4 35°7| 46°6| 57-2) 62°3) 60-1) 53°9) 4171 25°8) 157), 3698 

| | 
HURON AND MICHIGAN. 
; | | | | 

Mean..... 68 18°1 25°6 40°24 61°6 66 69-8 083] so) 9:0) 24-9 42°08 

} | | 
LAKE ONTARIO. 
| : : E 
Mean ..... Be 21°8)27°4 41°6 58:6 68-8 67-4 2 98°9 16°6 30- 25°5 44°01 


* Authority cited for preceding tables. 


TABLE VIL—SHOWING IN MILES PER HOUR, THE MEAN MONTHLY 
VELOCITY OF WIND IN THE BASIN OF LAKES ST. CLAIR AND 
ERIE.* 

Date fj) 8) Rela) | BAe ee | sala 
5 j=*) S 5 > is) | =| 
ete teste Sh ahies) iba alvetilecee AyOne ey INeiales 

1890. Vee WA PR ee: Sehale a eee aie ee gales 

LON Se lee 11°6|11°7/115|10 [10-3] 7°6| 7°5) 8-4) 8°7| 9°7/13-2/11°3 

TN ae fae is 11:4|10-2| 9-8] 9°8| 8°8| 7°4| 8-1) 7-9-9 |10-4|11-6 119-6 

SSH er ree eRe 13°2/10°2/11°2}10°9) 9-1 8.9) 8°38) 8:5 9 9°4/11°4/12°9 

1886 Se LL 228i 1O'SiLOzsl Sesied ania aia. 9°1/12°7|10°4 

1887 ""}44°213 |10-9)11-2| 7-3) 7-1) 8 | 7. | 8-2/10-7/19-1110-6 

1268. ar ee, 10°7|10:4]12 | 9:8] 9-3] 8 6| 7°5| 85, 8-6l10-7\11 [12°38 

LEGS peteh o eet ies. 12 |12°1| 9:6] 9-6] 9-7| 8-9] 7-3) 7°7| 9°3| 9°8/10-2112 

1890 ""112-811°611-7/10-2| $°6| 6 8 8:2 7-8 8 | 8-8i10-8l11-8 

1891 | 9:1)12°4/11-6| 9:9] 8:5] 7°5) 8-7) 7°71 7°9|10°4/12- 613-1 

1892 _.|11°8'10°3/10-4/12-2110°7| 9°21 7°91 8-716 [41 /12°211-1 

{09S eee 141 7/13°4/12°7/14-2/10°6| 9-3) 9-2, 84/11 [11°313-1114 1 

1804: aes 12°113-°2/12 | 9-8!10°2) 8°59 | 7-8 9°8/10°314°113-2 

1895 _ {13-2)13-1/12°5/10-2| 9°7| 8:1] 8°5) 8110 [12.811 12°6 

1896 110°3'13°8/13°4|11°9|11°3| 8°7| 9°6 9-2/10°3)10°5 14-5119 

1897 "1 ]13°9/12-1]13-8|12°6/10-2) 9-1] 8-9) 9-2] 8-8|10-8114 12-7 

1698. tacos 13:4/12°5/11-5|11°5| 9-4] 9-2) 8-7| 8710-4112 |....1.. 

12 |12 [|11-6|10-9| 9°5) 8-3 8-8) 8-2 9°2/10-5/12°1)12-1] 10-4 

Superior. ......... 9 | 9:4] 98/10 | 9-3] 8-2] 7-5) 7-8] 9-3] 9:5] 9-5! 9-4] 9-05 

Huronand Michig’n|11°2)11°5/11°4|11°5|10°4) 8-5) 83) 8°83) 9°4/10°4)11°411-3) 10 3 

Gutariogis. dieses 13-2/13-2/12°3|10°5| 9:4) 8-2| 8-3) 8-1) 9-0|10 6112°512°9| 10-7 

| 


* Authority as cited in preceding tables. 
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FLUCTUATIONS 


ARRaRsHNeD TEX eV. 


TABLE I.—FLUCTUATIONS OF LAKE ERII 


=) 
ay 


LAK} 


of Canada] 


Hy 


AT PORT COLBORNE.* 


“YIOK MON 9 VPI} WLU AGE FUSION GALS 07 SSUTpvad WeIUT 9Y4 OF poppe aq 04 
‘q904 ZZ.01G S[euba “WoesuepUod IOz sSuTpBad ATYQUOUI tHoIy paygtMO “Jeez Gey pu “Jeez ZZ.Q9G [euba osoyy jo [Te (YsSNqueecsy) 07 
Suypoaey astovrd Aq) yoo} B JO GL.Q JO WOLJoaII00 + (a9ySZ1Y 492F ZG.S YCOT PIO JO £ eg. ggg ‘eutoqpoy~) yAog 4B Yoo] Mow jo 4ySlo AL 


_ Cfeoronnmst SHS D1 DO NDR HONDAS ONMDHMABDASLAHHOHDSSMNNDAOPOATRMNSDOD 
ure], SBZBSHSBRBSSRSAFABASASARHAPS HFSAHHLSANEDHADHRHAAADOGE SOON HHO AHO AORIOO 
AMO AN ALAS 0 eS OM ANAAAAANEAAMOANAAAHANAANAANAMAN SRN OOd er Anon 


Of OD 
a > 25 00 DCO 1K ND HOLDEN NOD ONDOANPSSRO Or MSMSSHHDONDOSOMDADHD ASMA MSO AMOS 
‘aT S2RSSSSA55 AOS PSP ESSSAHSSSHASBSEAHDHSSSSSCSHHASHSEHMAHHANMDNOOOD 


AO SSI ae AOR eB Td aes eae cae Seen pees 
| N AMAA HAMANN AHH ANH ANT HANNTANAMANMDAN RANE NOOCN NAAN OnNANe 


or eth ed wie as ieee uae ae es eee ee EE Ce ee oe oe Oe a ee 


10 < c AD 1D OCOD MO DISOMSOL NR DOHMH HOMEMMINSMHNWIANSSHNSDASOSSONUOS 
SDS FS OLR SBS UN FG BANK MD GAMDN HO AOSHOHHANSHSNHSSHABSOWSHOASSONS 


*qdag 


Sith rpal| Saree Si OC omen re eae ne aie aC oe A Oe Ee OL BE AOS : 


| SS OD HEN RDM ADS SONAHOBDH AON SHO GHG HHWHONS DID NS OS SPP] HB 1S 


| ALT 60 60 60 BI EO aH 60 60 HD 60 ON G0 60 ON ED GOOD ALAA H ANCD AINCN ED OF COATED AADAAAA MAAN AANA 


“APD? 


FOU (Tiles oe evans dt aoe cee mee NS ths ee ge cee ei Meal aimee See aE a Cm Se Ce at GE Ne noe OS ee BRS Oe ae Me De On Dre Goth eck 


HOTS ON RK ASSO AHN “POAAOQ AAS HO ASE HAD ADA MWDOSOMS AAD S PiOwW Or Gro 20 


es ' 
“KET OR CS eat tei age te Panes DS : 
W 2 EN GD 60 6D CLT AN 60 HED OD HED EDI AI CUCO I MN AAA AOD CII NED cH CO NED ONAN ATPON ANNONA 
Db OE SSR RAO ND “HER DIOGASLAOSNNOOMMO DMN ONNDSDNODOHHASID OAS 
RRLBSAPOSSRSNEFLAS (AS (HSESSHESASGHASHHARABSHL AS OG Oro SOwWHSANSAG 


Td y NT NE SO er oC ae Ss id ol MA eS uo tec on Nec ae beet RR ee ET Ea Oe OE vere Grad Ga Oe Gobo. Ge BY OUST ony 
THEY AAO AAO OHO OO OANA (AM AHA ONAANNMADAADARANE Mt OONATHONNNOR 
= SCG AO LAA SSR OMAR LDMAHSHNAIOHNODIQNAHSODSAMOOSAIOONNOM IO 

| rey FASS OS RORRQ ASB AES (SAANKHHOHADHSOSOHBANNSAGHASSS HHA HMA 1609 HS 
| T AN HHAHHANMMANMAS RHNNSONHMHNAHHAANHAM THAN OHH SOON HOOonNOR 


NO NS DOHA MM SOSOOAH HH RSOHESHALOEHMSNDASH MSO SAAS WOM SOW DOOLS 


eer | SS eeee’* SRR eters ae oor ep ees re Varios Soar i 
Pl HANAN OAH HHH SOONN AN AR AANA NA PHN SSNS SONA AOONS OR 


(Aw TDS HOA D OMAN  AHDROOKANDOSHOS TPFIBOSOOHNSDHDHNHOAOSOSHONIDHADIONSS 
AEH SPA BSSGRSISS SHSSAAKHSAASHK GSS HHA SSHSSHAOAAASHIONIO a) 


ap |) iio eel ars SENSI ASEM ENERO: NOR OTS Sea peut MAC ID ee a Beals eS ee ea ED eS Or = € 
f AMO AHA HO NOONAN HANNAH HAHAANATHOANAANDARANN HORNS ONNASONON 
a Pe ee er iin Bim ee ee Tete or) Sapte ie Dy ONES Mele DNs nen th that Yt TOMS TOY Pp SG OD (OTe SOT QAO. be oe ‘ 

u CR kk aaa ee Eee Men ine eke Belin, (Ono ico) itera. BO. rete Qt 2O, Cone. ine Fy Goyette FAO MIG oder gh i Bie TO: ah 7D. dts 8 
bale Wel ee ee rea nee ear hana aati Oey er palit Mache De Omonot)| Okan! Ca gU WG NORD: Ae Bue iby (OO dB ah Ge! pao Snes : 
OS : See EM Rr ete Be AOR eal ie es. clas eae SOM ears ota Me Mey Sd Be Rohe nh tab gear den supe apie a 

nS en HIG OOOOH HID SRDBOGUAMHIOSRODrSHADPTOSLOROANMHOSLhOROHAD MOS 

SAASESSSSESSSSSSSSSSRCECEREREE RDA DDEDDDHDHDABBSRBEBRASSSSSSSS 

D8 ee ee DBD DDD HDD HD DH DH DH HW G 0 5 OH HH 0 0 DH 1 1 0 0 1 1 HH HHH HOH HOHOHRBRRAARS 

se fpr pp put ptr tt th se hn he hh Dh 


* Compiled from the Canal records. 
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faa 
Z, 
e 
Ps 
ae 
Qe 
Om 
Dp 
oH mn 
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a< 
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OF 


Il.—FLUCTUATIONS 
MONTHLY MEAN HEIGHTS 


TABLE 


ABOVE MEAN TIDE AT NEW YORK.* 


(Add 570 feet to the following heights. ) 


“URaTAL 
[enuuy 


~DARrWDHOOMHODSOMm 
DAIQMOANANMNO OD 


28 
69 


“09 


“AON 


"200 


“qdag 


“Suy 


Ayn 


oun 


1S MPADPOANOSHEEOSHNGONOHANNSCODMSMDHHRAGSSHDSHMORMHOECEANOND 
AGSOHANSHHHHSSSORARBAN SHON S NOMA N AD STOR OAN CDSS HOTFROG 


Avy 


[nd y 


Bo SM SHVR ON DTOS HOU AS HRA SNDHDOD HARK MADASSIOS DAMN RHIONG 


aco: 


“Tey, 


TS SLES ELDPwVwW SAD ORMIO TH HK SHONHSHANDASCSAOHNIOMAOIOHDANDHDSHO 


NN SOHO AMO ANMANHANN MMH MNANDANNMAMHNRATANM PRR OHNPROSONHST 


G2A 


DilOEIDSOSOMDAMIOHHANHONNHRSOSCARDSLONHSOSAHSONAMSOONSHDAOSESMNSVH 
SOK TDHAGDGENASOSHH HMM ATS OOM OHS ONS STHSAKARSHARTHSSEND 


“UR yt 


AMA MHMAMMANENHANNP HE MNRKNANNNEHMNANMNNANN RP RPA Ot RAR eee 


Years. 


IDDM OWBSOANMHIOOrC NO HIOSLORBOANHNDHOSChASSHAAMHOSKRORDSODINDYH 
11Diqiawwoeveersecvors ERR EEEEDDDDDNDOHDHDDARASERSSAAHABADSSSSSS 
DEDONDDONDNDOHDSEDOD DODNONDNHHDDDKNHDNDDHF DHHDHDDHDDEREARES 
mei be ee ce oe hn ee 1 ee fh el Se et a ce ce ee De ee cD ee oD oe el ed el ee 


* Rept. Engineers Northern and Northwestern lakes. 
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TABLE IIL.—FLUCTUATIONS OF LAKE HURON* MONT LE 
1 OTUA OF LAKE THLY 
HEIGHT OF WATER SURFACE AT SAND BEACH + ABOVE 


MEAN TIDE AT NEW YORK. 


Add 580 feet (except when whole number is 9 when add 570). 


ae E a | 
' 9 te oF B o be or +3 OE NI. es 5 
mee G/SiSl/El\S Ele /F/PIS/E/ 81S 
PIB |t* eleleisia}ol/4jatea 
| as 
ee Be Bod OU aseins ecient ae ee 115 1°80 2°07 2°39 2°35 2° 24)1 inte ate 
DD avretieat ener) oe rena 1°06/1°03)1°10/1°18}1°75|2° 08/2 17/2°28)2°37|2 24 2:04'2°14]1°78 
1856 er one eee mae 2° 20/1. 71)1°73/1°86/2° 29/2: 22/2: 29/2°10/1:°98]1°79,1'73 1°50/1° 95 
1857 efectograteey BOA 1°30)1°58)1°71)2°17/2°52)2°82/3°25/3-44 3°29/3°36 2°55 2°59|2°55 
1858 hob eno GeO e Ueto 2° 52)2°23|/2°15)2°67|3°15|3° 57/3 96/3 92/2 ° 52/3" 373° 04/3 06/309 
LSD OR Aero ion cientsinnn.s 2°57|2°70|2°76/3°40|3°55!3° 55/4 20|3° 90/3 66/333 2°83 2°90|3: 28 
SOO Mrenranpanyar se teu 2° 83/2°78/292|2:89|2°94|3° 18/3: 27/3: 19/3 00/2" 62 2°50 2°20/2°36 
1861 BS een hea emcee Ie 1°99)2°03/2°17|2° 37/2 99)3° 33/3 45)3° 56/3 48/3: 26 2°95'2°82|2° 86 
1862 nics tear .... |2°44/2°43/2°3412°55/2° 92/3" 04/3 09/3 °07/2° 85/3" 13/2 81|2-52|2°76 
LSOS tearaaen tas sins Ges 2° 36)2°21\2° 16)2° 23/2 55/2 68/2: 59)2 60/2 46/2 20'2°16)1°93)2 34 
TSO LP rrccnie etc eas 1°79|1°75/1°75]1°95|2: 38/2°39)2°34]2-23/1-91/1-°38/1°21/1°08/1°84 
1865 oe Pee ene 0°72)0° 810° 98)1°47)1° 63) 1°67/2°10)2°12'2°00)1°76)1 20:0°89)1° 44 
1866 oh Panne Renan arated 0°63,0°39)0°44/0°88/1°07,1 °36)1°62)1°68)1°53 1°42)1°33 1°07)|1°12 
1867 Ae AG eae ...-{1°05/1 10)1°28)1°57)1°79)2°10/2°25)2°18)1°91)1°58)1 °12/0° 77156 
1868 EOS seta ci .. .|0°61/0°57/1° 25/1 °15)1°43) 1 64/1 67/1°33/1-09/0° 86 0°79,0°51/1 07 
US GO Merah vee 0° 41/0" 48/0: 22'0°59 0° 92)1°45/1'83/2°09]1-98]1°62)1°50/1: 22/119 
1870 SPORE Mae 1-28/1-37|1°67|2 09|2:43/2°57|2:6e|2°59|2°73/2° 331: 93)1°58/2-10 
1871 BA cree are ....|L°73)1°65|2° 25)2° 45)2°80)2°$4)2°87/2°56)2 24/1°74'1°53)1°16)2°15 
1872. Foenstensfoiteayi sh 0°99/0°79|0°29.0°71 1°11/1°51/1°61)1-58}1°48]1 °36]1°06 0°77/1:10 
UST Sia piece salcalacs 0° 60/0°57/0° 64)1°05)1°55|1°95)2°15)2°16)1°99/1°96)1°86)1-70}1 51 
NSC re ay au Eee 1°72!1° 86/2: 00'1°75)1°90)2°24)2°4( |2°29/2.11)1°84/1-°30)1 45/191 
UST Demeter a -. .-. 11°16)1°10}1 ‘14/1 °33)1°68}1°99)2°18)2°15)2° 19/200 1°89 1°62/1°70 
US fi Grater oye oe Seto Yere 1°74)1°72)1:85)/2°13/2°73/3°22/3°6( 3° 60}3° 49)3°09)2°94/2°75|2°74 
US PAeseir ces oo a tee ro 2°46/2°45/2°38/2°46)2 6312°59/2°77|2°67,2° 40|2° 26/2°21'2°16/2° 45 
IRofoi65, 6 Araineensien eer 2°06)1°89/2° 06 1°99|2°39/2°5612 60 2 50/2° 2112) 22/2° 03/1: 83/220 
SAO Sey wis we este eres ai 1°53)1°29}1 25/1 °28)1-41}1°55)1°59/1-46/1-38]1-°14/1°02)1-00)1 -32 
1880 .|1°05/0° 99/0 98/0 99,1 39}1° 88/2°19)2°09)1°97/1°61)1°49)1°29)1° 49 
Te Mae serene eae es 1°16}1-55/1°56/1°58)1°90)2°07|2°22)2°05}/1°89/2°14|2°27|2° 101° 87 
TSS 2B erat, aes cote sash 1°95]1°72)1°86)2° 08/2 25|248|2°62)/2°68/2°56/2°33)2°08|1 93/2: 21 
MBS Sipevcisssrnch-eseonere = 2 1°73} %.°68)1°72)1°73:2°30|2°72'3:20)3 40/3 08|2°75|2° 86/2 °75|2 49 
USS Sopa acer! ice eta 2°56/2°41|2°45|2°76 2°98/3° 04 3°12/3 00)2°65/2°81)2° 46/2: 20 2°70 
ASSO Fae coos .|2°47|2° 38/2" 38)2°49)2 89/3°18 3° 24'3°39)3° 29/3 06)2°87|2°67/2° 86 
LO SOR ean as Mera 2-67'2° 74/3" 93|3°22'3°55/3° 64/3°48'3°37)3 15/3 02)2°75'2° 43)3 08 
1887. _ .|2°26 2° 45|2°66)2°57|2°77)2° 89/2 972° 762 41/2°19/1°74)1-45 2°42 
1888. . (J °341°25)1 42 1°56'2°00 2°30 2°33/2°37/2°07/1°78|1°60/1°39.1°7 
I oko Ws seni Ore OEIC -/1°25/1-°17/1°15)1-08/1°22/1°55 1°81]1°75/1-58/1-21/0°87 0°71/1°28 
USE jo co8 Seah omce. 0°78 0°66)0°64/0° 78/1: 09) L°52)1°71)1°71|1°44/1°23)1°03 0.73 1°11 
LSOUR antes eee. | 0°53 0°42 0°39'0'72/0'°96 0°91 0: 94/0°84 0° 65|0° 28/9 97/991 0°54 
BOD erases ate 9°93,9°87,9°93 0°010°14,0°67 0°96)1°04 0°87|1°661°33 0°09 0°37 
SOS Reese rs cers mores fore 9°84.9°7) 9° 87|0 25/0 88]1'63 1°35]1°21/0°92/0° 71/0 48/0: 28 0°60 
d Rete}: Wate Sten ene icr AHRENS) 0°23 0° 24|0°39/0°62)1°02)1°32 1 7/1°20)1°01|0°77/0°58 0 28|0°76 
SOB Grote vom hava cra crys 0°03:9,9119°92/0'02/0°17|0° 26 0°23/0°14'0'01)9' 72/9 33/9: 09|9° 90 
LSC) Secretary s onepsiae 9°16}9:98)9°18|9°21'9°61!9"98 0°05)}0°08'9°90|9 70/956 9°44/9°59 
Wee Aas are Dares 19° O219"43)9" 57 9°91 0°48,0°72 0°91 }0°91)0°65|0°30)0°18)9°88 0°20 
189 Sime tas scetcrne ayes '9°73/9°79|0' 02 0°51 0°63,0°79 0°89}0°78 0°59)/0° 280° 200° 01)0° 35 
SO ON Be etetanc line) sus etehe 9°75)9° 6119 76 9° 93.0°47 0°86)1'15 1°06|0° 86/0: 45|0°31/0°12/0°36 
HO OQ Eas inurretee sears '9°89}9'90'9°93 0°05 0 20/0°37 0°62|0°710°79 0°74 0°73.0°53 0°37 
OOM eerestare es .|0° 44/0 37)\0° 26 0°55 0°82 O°91)1 07|1°11)0°88 0°66 0°43,0°12,0°68 
WOO Die ara ae ehy oust ./0°00/9:81|9'73 9°91. 0°160 48 0° 76/0 84/0°52,0 27 0°14 9°93)0° 21 
UR OS epkpacteiniolor Aree 9° 79)9°79 9°92,0° 27/039 0°56\0°7510'73/0°80,0°83 0 41.0°12)6°36 
19GL Paes he, |. 9:9019-92/0°09 0°61 0°99)1 41 1°55/1°53 1°36 1°26 0°95 0°50 0°84 
IIMS hee _... ..../0°38]0'30!0° 29 0°66/0°95/1°40]1°511°56)1° 45/122 0.93.0°67|\0° 95 


*From Rept. of Engineers, U. 8. A. 1904. 


+Flactuations from 1860-64 at Port Aux Barque, Mich.; 1865-70 Milwaukee, 


Wis.; 1871-4 Port Austin, Mich.; 1875-1900 Sand Beach, Mich. 


+The above are new corrected elevations. 0°507 ft. above old which were based 
on G.T.R. gauge ‘80 miles below Lake Huron and 0°66 ft. below lake at Ft. Gratiot. 
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TABLE V.—FLUCTATIONS OF LAKE ONTARIO AT TORONTO, CHAR- 
LOTTE AND OSWEGO. 


| 
| Charlotte Oswego 
Years. Toronto. |Charlotte.' above Oswego. above 

| Toronto. Toronto. 
TB5One, <3! alagacsaeile a setae | 245°74 245° 49 
Welsteocserse 245° 47 an 245s Fi 
MSO 2 tein tacc rac stn carters 24634 246° 48 
TB5S:e yenon ine cate cise hae 246°91 246° 96 
Sa are more caa me ater: 246°68 246°21 — 47 246° 46 - 22 
LBD ise a tekielsrs te 246° 28 246° 02 — 26 245° 62 = 66 
TS5G.g ei sec teaaeat sei 246° 56 246°35 —°23 245°78 - "78 
i Rely eee teearote trier caren Ae 247° 07 246°74 — 33 246°72 — 35 
Ulfslsto te, Beau menace pens f 247° 40 248° 33 + °93 248° 22 + °82 
A Nc1h ere ne Meee maar coro 247°14 247 92 +°78 /248°10 +°96 
1 SCO Me ceca cates aoe 246°31 246° 88 + °52 247°05 + °74 
LEG Wis caste te ove opere stapsseaheke eeaetey 247° 05 247° 61 + °56 247-52 +°47 
862. taoesons. Wak ortam eure 246° 92 247 60 + °68 247° 72 +°80 
TSGR se ronan ets as Nae ee ee ays 246° 50 247 20 + 70 247 27 si Mth 
LBO4 Bre easier aceasta 246° 29 247 02 7 247°03 +°74 
Ro abe wrrectoc aoe Or Mean cca 246° 038 246°7 +°73 246° 98 + °95 
USGG.n ae TER hina eeercton esas 245° 62 246° 42 +°80 246° 22 +60 
MS OT: satya ctdorocascas zielaye ane eae 246° 44 247 37 + °93 246 92 +°48 
TS68i2 “ae aanGucescmeet Stee 24517 245-95 ae 7s} 245° 64 +47 
LOCO seas ee ome eaet eanres 246° 06 246° 80 +74 246° 62 + °56 
NS, OMe oak vacd cate sete area 247 °20 247 °88 +°68 247 67 +°47 
LOTR Seis eek tac eee 245°84 246°51 +°67 246° 27 +°43 
FAN ere to erhatene aration oy ert tee 244° 41 244°98 ++ °5F. 244°91 +°50 
HCV GME cumin teed Je Gao oe 24553 246°05 +°52 245-95 +°42 
SHG: Ornate Mis, Sexe es Pl See te 246° 28 246°80 +°52 246° 66 + °38 
SDR Peyert co nralous cumereeter semen 244° 96 245°51 +55 245° 36 + °40 
RSV ONE come a day Aeraera aE ean 246° 76 247 37 +61 247°19 +°43 
US UTS ceaersc, cease eats een 245°58 246°18 +60 246°01 +743 
UST Seem ceetre amet kare ere 246.10 246°78 +°68 24659 +°49 
HWA EST tau eocrorumacrsmneres che ae 245.70 246 °43 +°73 246° 30 +60 
ISSO Mase. hss cap eae 245°51 246° 03 + °52 245°90 + "39 
USSise eek nee aren eo 245°14 245° 72 +58 245°60 +°46 
i tetevti. nd yoribio Nae igs is oeRe casio 246°13 246°79 +°66 246°65 +52 
WO SSN ee cross eects 246°31 246°82 +°51 246°76 +°45 
USS Ae on ius Seater een 246° 96 247 °34 +°38 247° 37 +°41 
LL SConeaaers 246°59 246° 80 +721 246°92 +°33 
ISB rceraice ona tycmec tierce 247 °31 247 °52 +21 2477 +°39 
Histol reine Reem i enced eave 246°77 247°10 +233 247°14 ae St 
its lalointy cckis d Soma nneiar 245° 56 245°88 + °32 245-99 +°43 
1889, 245° 67 246°11 +44 246°11 +44 
1SQ0 ies en irre ce hoc mene 246°73 247 °08 +°35 247° 24 +51 
SOc ett aun Myaierts cis on aren 245°77 246°17 +°40 246° 20 +°43 
ols a eter Aer eek arin ae 244°93 245° 45 +52 245° 47 +54 
ESOS sare ch eee eee ere 2 245°49 246° 09 +°60 246° 07 + 58 
AB Q4 Sieserre | roman emir 245°31 245° 89 +58 215 °87 + .56 
LSOO Ree uly tee Ries ae 243°81 244°44 +°63 244°37 +56 
INE TO mee, aos chen a aera 244°06 244°70 4-64 244°71 + °65 
LOOT oa eee : 244°44 244°94 +°50 244°90 +°46 
OOS irae renseritteris soe 245° 03 245° 40 TP ey 245° 45 +°42 
LBQO Seer ea ROR Sen 244° 97 245°33 + °36 245° 28 + "31 
DAS TUUE aeaar coma poco Get citer cus 52 244°91 245° 35 +°44 245° 32 +41 
LOO Teese trot eet mre ee pee 244°73 245°24 | +°51 245° 27 +°54 
DOO 2 orsiy oy Rete leita AERO 245° 01 245° 46 +°45 
aI 0 Resear mines amis oe 245° 54 245°99 +°45 
W904 Sarto s sevals Aree eee 246° 29 246° 63 +°34 
LO OGieireerecc tu renal terettc ae ee 245°91 246°31 +40 
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DISCHARGE OF NIAGARA RIVER 459 
Ae RePP ENED Exe 6 Vel 
TABLE-I.—MEAN MONTHLY DISCHARGE OF NIAGARA RIVER IN 
UNITS OF A THOUSAND CUBIC FEET.* 

Years. pele eel ele) el ele leie|s 
ph esta le a Wel Ps Meet al fe | 

ISGOS RI ratty aes 234] 225) 235/ 250) 255) 254) 249/ 245/ 237; 231) 229) 225) 239 
TSG Ur asiy pee eey 219) 213] 223) 246] 256) 257| 252) 253) 249) 243) 243] 238) 241 
LUC is OA ae ae Se 238] 231] 234) 254! 260) 250) 259) 251] 244) 235) 297] 298] 243 
TEESE oe ee. 238] 245| 243) 246] 250) 247| 244) 243] 934) 294) 215) 214) 237 
TOGA nee ripen gcse) 207| 211| 216) 227) 243) 241| 236) 229] 225) 218) 214] 215] 293 
SCD ae eee 206] 193} 200] 216] 229) 229) 228) 226] 225) 218| 210) 207] 215 
TSGO 3 ee epee 201] 197| 206; 219) 224) 229] 232) 296) 225| 225) 219] 220) 218 
nC eanes Medan Mat Be ye 213) 204} 215) 222) 234) 241| 236) 229] 221] 213] 202) 197] 219 
SOR RRM DON oss 8 192] 184) 197| 216] 226) 235] 234) 299) 216] 206] 202) 198] 211 
TEGO ae Aer 198] 196) 207} 214] 226) 235) 241| 239) 233) 223] 212) 220] 220 
1870. 225] 231) 225) 240] 245) 244] 245] 244] 938] 230) 223) 220] 234 
OT eee a eee 216; 208| 218) 229] 235; 236 235) 230) 227) 212) 208; 198] 221 
ITO Rie 4h sees 196] 191) 189} 193) 203) 211) 211! 210) 205] 201 194) 189] 199 
Lot Boeter Pees 187| 187) 188] 217} 232) 234] 234] 239) 223] 216 212) 290) 215 
LSA ee Se 229] 230] 231] 235! 227| 238) 239) 235] 225] 215) 206) 201] 227 
1ST beee eee ke 196] 192) 195} 204) 215) 224) 227] 227) 224] 213) 209) 214] 212 
TS7h sete re ee 214| 226) 241] 252) 260) 262) 260) 253] 249) 237) 239) 231) 244 
Vika > sce eee 222) 219| 214| 223] 229) 231] 236] 233] 231) 222) 220) 229) 295 
HLSW Aes cf oe eI 224| 227| 230) 239] 245) 245) 245) 240) 237| 229) 225) 226] 234 
1S7 ORE ers en 217| 214| 214] 223] 226) 228) 229) 224) 216) 211} 201) 206] 217 
TSSOmec a eee ee 218| 218] 222| 225| 231] 234) 236) 230] 225] 215] 214) 206] 228 
TSS eden 197| 199] 206) 222] 231/ 236] 235] 228) 220] 219] 215) 220) 219 
TREOMP eee ASG La. Pe” 230) 230) 240) 245] 250) 253) 252) 249] 243) 232) 225) 214) 239 
SSIs asa hrs alate torn 212| 216] 221] 223) 224] 249) 254] 253] 245] 238| 230) 231| 284 
TR RAMs ek ere 233] 229] 233) 246] 252) 254) 249) 245] 235) 228) 218] 216] 236 
[SShe me ee 212| 207| 204) 222] 238) 250) 249) 249) 246) 244) 241] 240) 233 
ASS Gme ors os 240| 224] 220) 239) 246) 248) 248) 243) 238] 233] 226) 224) 236 
LY haya eran EE 219| 229) 246] 247] 251) 252) 247) 240, 234) 221) 215) 216] 235 
1888. 212) 205] 207) 222] 227) 230] 234) 232) 2%9) 213) 215] 212] 219 
TY pocne 212| 209} 205) 218, 218) 227) 231) 224) 216) 206 200) 206) 214 
[S90 Meee eee ed < 914| 220| 223) 234] 242) 250) 242) 232] 227| 293) 223) 217] 229 
130 epee ae BC 212| 212) 222) 219) 215 218) 216) 210) 206] 198) 188] 189] 209 
[SOD hte Maen mote 190} 185] 186] 199) 217) 234) 236) 229] 221) 209) 201] 195) 209 
1 SOSt eee eee ny ee 187| 189] 194] 210) 229] 233) 297] 219] 211] 203] 194) 196} 207 
TEE wae 202| 199] 200] 209| 218] 222) 222) 214] 210) 203) 197/ 196] 207 
TEOD SAE ea eee os 188] 183! 183} 189! 194) 196! 193] 192! 189] 178! 176] 180! 187 
TSU6hee 182} 180/ 179} 189] 198} 2(4| 201) 206| 199) 193! 185) 186! 192 
TSOVe ree 185} 189] 198] 210] 218] 220] 220) 216] 210) 199) 196) 195) 205 
1SOSM eae or oma 196| 201] 207| 220} 223] 224) 219) 214} 206] 201) 198] 195 209 
1899, 198] 193] 202] 208} 215] 218] 212] 207| 202) 197) 197) 191) 203 
1000 peer ais Aen 191} 196] 204] 211] 214) 216] 213) 212! 205] 200) 194) 193) 204 
TOO Ie emt 191| 183] 180] 189} 199} 203] 203) 201] 199] 190] 187) 187) 193 
19020 eee A ee oe 185| 175} 182] 194] 202} 208) 229) 222] 214) 212| 206] 201) 202 
1903. alee OPP ae Maret ee renal he Meets elses pean ONS 
1904. Sel alien sodlcesol) BG 
LOOBE pera eres -| 208 

* From Rept. of Chief of Engineers, U.S.A., pp. 2875-76, 19038 
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TABLE I1.—MEAN MONTHLY DISCHARGE OF ST. CLAIR RIVER IN 
UNITS OF A THOUSAND FEET.* 


| | 
. | @o ; a 
Years. i eee = eg = he t= a A a 
ee ey et WSS thes Need 8 lige Sy ieee ane es 
LEGO Tenet eo 198/ 178/ 185{ 201) 230! 254) 259) 257) 254| 245) 242° 231) 298 
18612 ee ee 182! 163] 171] 191] 231] 257| 263| 266] 265| 260| 251] 225| 227 
[8622 Ree | 190] 171| 174] 194] 230] 247] 249| 252| 248) 259] 252) 213) 223 
1SG3 so cee een 189) 167| 171) 188] 223] 241| 239] 241| 239] 235, 237| 197| 214 
SGA aan wrnce tee . | 178] 158] 163] 183] 220) 231] 235] 234) 226] 213| 208) 193] 203 
1S652 SL, eee 157| 140) 143] 174] 205] 217] 231) 232) 229) 224] 210) 196] 197 
18GB; cin teen Te 156) 132) 138) 163] 195| 208] 215) 218) 214| 211] 210) 191| 187 
1807 en Meee 163] 145| 154] 176| 208] 226] 212| 212| 227| 220] 210) 186| 198 
1868............. .. .| 155] 135! 152) 168] 201| 214] 215] 209] 204! 201] 200] 200) 188 
1860, Sere, ee 151| 133] 134] 157| 192) 209) 218] 226) 225) 218] 218) 207| 191 
1870 seeeeee 22 -.... | 168} 151] 161) 186| 221] 239] 242} 240) 246) 237/ 227| 196; 210 
1871 ens ete _” | 182] 161] 178) 198] 233! 250] 251| 243| 235) 225) 291) 191] 214 
LS 72S here: . . | 162] 139] 143) 160] 195! 219] 225] 221] 220] 216] 213) 209] 194 
1B7Siterwdhe aot Ok: 155} 135] 142) 166] 204) 225) 230{ 231] 228) 239] 231) 203] 198 
1974 Si Buon etl: 176] 160| 168|-181] 210, 235] 238] 235] 232| 226] 211! 207] 207 
1epouawe: -..s+.. e+ | 165] 145) 151] 171} 206] 230] 233] 233] 238) 233] 233] 229] 206 
LOT Set okie al LRN, 177) 157| 165] 186] 226) 248] 262] 263! 267| 258] 254] +218) 223 
1S 7am wee Cintas 190] 271) 175) 193] 224] 246] 249] 2471 241! 237] 233] 219] 218 
1878 eee Ge 183} 160] 169] 184] 220) 239] 238) 236] 231) 235| 234| 196] 210 
1870, 2 ee et ee ee 173] 149) 153] 170| 201| 196) 215) 213, 218] 208] 208] 201| 192 
LSBU Sp Sena epee 164] 143] 148] 165] 201| 222) 230| 229) 298/ 219) 217| 217; 199 
1861 fami ara oe 166| 154} 159) 176] 210| 225) 230| 225 224) 237) 240) 213) 205 
1800: he anne cies seas 181| 157) 165) 185] 217| 223) 228) 230) 228] 236] 230| 229] 209 
GB's 4 tere 176] 156, 162| 179] 218) 238) 243] 252 249| 243) 255| 219] 216 
1O84 Site Ovess enna ae 192| 170, 176] 198] 231] 245| 247) 248) 241| 251) 245| 227] 293 
1885............. ... | 190] 170] 175] 193} 229] 254] 258] 262) 261] 258] 251] 223| 227 
TRShS aetna rere} 194| 177) 185} 207) 242| 272) 266] 262) 259| 257| 253) 204| 239 
S87 cee iane oa; _....| 187] 171} 180] 195| 297) 248] 251| 246) 238| 236| 226] 203] 217 
LESOrcsmnet comes seas An 169} 148| 157) 175| 212| 240) 236) 239) 232° 297! 222) 190| 204 
LSS 0 nacg teeta uae 167| 147) 152) 166] 198] 214) 222) 222) 219) 213) 205) 191; 193 
1890.............+2+..| 158| 187] 142| 161) 195) 206[ 214] 218} 213] 209| 202| 175] 186 
SGI ere oe drpteea cette eer 154] 132| 137| 159] 193) 202) 201] 200 195, 187] 180| 178] 176 
192K cece venn mp 142! 123] 128] 146] 177) 185) 193] 199) 195| 195] 190] 182] 171 
ISSSr) ns rye. deem ae 140| 120| 127] 150/ 191) 219] 208| 205| 200) 196] 193, 182) 178 
TRO <a attere, ter oe 148} 129) 137| 158} 194/ 210] 215| 208-204; 199] 197, 159! 180 
LSOR ai ee ee | 144] 123] 128] 146] 178] 189] 187) 184) 182} 178] 168] 166 164 
ASOG ter eter ela, ae 127| 110] 114; 131| 167| 177| 177| 175) 174] 169| 171) 174| 156 
FE ames Seka _ .{ 184] 113] 121] 144] 183] 195) 199) 200. 195] 188) 186, 196! 171 
1808 rest eden aA 138] 120] 130| 155) 186] 194| 196] 195/ 192| 186] 183) 179| 171 
1899.5 ene ee oe 140| 117| 125] 144] 183] 199| 207| 204) 202) 192| 190, 186) 174 
1900 eae! . ...| 141] 122] 128} 147] 178} 187} 192| 194| 200] 200) 202) 179| 173 
LOOT soe pace oleae: 149| 127] 132] 157| 190} 207! 210! 212) 202] 200) 196) 179] 180 
3902 ae aS 144| 121| 124) 145] 178] 192] 190) 194] 190] 180) 182] 169] 167 
ne coimifcts dh sa] onsen cjeseal ema 
pecan doch mag ducd4 Sie ce LAO 
19058 cee Neen vesfone +179 


*From Rept. of Chief of Engineers, U.S.A., pp. 287475, 1908. 


+ Approximately. 
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TABLE III.—MEAN ANNUAL DISCHARGES OF ST. LAWRENCE AND 
ST. MARY RIVERS.* 


DISCHARGE OF ST. LAWRENCE RIVER 


1866 


US6Z lea 


1868 
1869 
1870 


IRSY/A See te 


1872 
1873 
1874 
1875 
1876 


sR yirhe Piee hae 


Saint Lawrence. 


Saint Mary’s. 


271,510 
287,921 
288, 625 
277,158 
271,063 
269,369 
250,559 
268,441 
236,011 
260,929 
287,209 
251,596 
217,423 
244,173 
261,439 
2298, 842 
275,449 
244 376 
260, 138 
251,966 
242,402 
234,732 
261,593 
264,699 
279,607 
268,382 
287,753 
273,812 
242.381 
247,784 
274,235 
249,782 
231,594 
246,915 
241,539 
203, 625 
212,293 
217, 155 
231,123 
226,661 
297,714 
2265, 499 
232,100 
245,800 
262,300 
25, 300 


91,429 
92,223 
86,540 
79, 934 
13,733 
$1,569 
81,294 
85,763 
81,974 
88, 434 
82,460 
74,591 
77,959 
82, 462 
82,397 
85,245 
91,235 
82,768 
73,475 
60,635 
69,637 
78, 347 
77,508 
73, 252 
69,912 
75,173 
Mba) 
70,296 
66,956 
67,532 
65, 174 
58,199 
57,427 
63,048 
74,143 
76,796 
77,978 
78,879 
72,231 
85,655 
87,211 
87,220 


*Report of Chief Engineers, U.S.A., pp. 2872-73, and 2877, 1903. 
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APP ND LAS VA ts 


The following is a reprint of the original abstracts which 
formed the caveat of the discovery of the diversion of the Huron 
waters from Lake Erie, which became shrunken to a pond, and 
the subsequent overflow of the Huron waters into the Erie 
drainage. The channel of the buried Laurentian valley between 
Georgian bay and Lake Ontario, as also other features connected 
with the lake history, were described for the first time in the 
abstract reprinted here. 


Norres oN THE ORIGIN OF THE GREAT LAKES OF NorrTH 
AMERIOA. 


BY J. W. SPENCER. 


(Read before the Cleveland meeting of the American Asso- 
ciation for the Advancement of Science, 1888.) Proceedings 
of American Association for the Advancement of Science, 
volume xxxui, pp. 197-199. 


ABSTRACT. 


Discovery of the ancient course of the Saint Lawrence 
river.—Previous investigations by the author showed that there 
was a former river draining the Erie basin and flowing into the 
extreme western end of Lake Ontario, and thence to the east 
of Oswego, but no further traceable, as the lake bottom rose to 
the northeast. Upon the southern side there was a series of 
escarpments (some now submerged) with vertical cliffs facing 
the old channel. By recent studies of the elevated beaches it 
is demonstrated that the disappearance of this valley of the 
Saint Lawrence was one with that of Lake Ontario. Recent 
discoveries of a deep channel, upon the northern side of Lake 
Ontario (a few miles east of Toronto), and of the absence of 
rocks to a great depth under the drift, far beneath the surface 
of Lake Huron, between Lake Ontario and the Georgian bay,— 
and in front of the Niagara escarpment, between these lakes,— 
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of a channel in Georgian bay at the foot of the escarp- 
ment, and of the channel across Lake Huron, also at the foot 
of a high submerged escarpment, show that the ancient Saint 
Lawrence during a period of high continental elevation rose in 
Lake Michigan basin, flowed across Lake Huron basin, and 
down Georgian bay and a channel, now filled with drift, to Lake 
Ontario; thence by the present St. Lawrence valley to the sea 
—recelving on its way the ancient drainage of the Erie basin 
and other valleys. 


ORIGIN OF TilE BASINS OF THE GREAT LAKES. 


The two questions involved are the ‘ origin of the valleys’ 
and the ‘cause of their being closed into water basins.’ The 
basins of Lakes Ontario and Huron are taken for consideration. 
The previous paper upon the course of the ancient St. Lawrence 
shows that the Huron and Ontario basins are sections of the 
former great St. Lawrence valley, which was bounded, espe- 
cially upon the southern side, by high precipitous escarpments, 
some of which are submerged. Upon its northern side there 
were lesser vertical escarpments, now submerged, with walls 
facing the old valley. The valley was excavated when the con- 
tinent was at a high altitude, for the eastern portion stood at 
least 1,200 feet higher than at present, as shown by the chan- 
nels in the Lower St. Lawrence, in Hudson straits and off 
the New York and Chesapeake bays. The valley was obs- 
tructed in part by drift and in part by a north and northeast- 
ward differential elevation of the earth’s surface, due to terres- 
trial movements. ‘The measurable amount of warping defied 
investigation until recently, but it is now measured by the up- 
lift of the beaches and sea cliffs. Only one other explanation 
of the origin of the basins need be considered—that of the 
‘Erosion by Glaciers,’ (a) because the lake basins occur in 
glaciated region; (b) glaciers are considered (by some) to 
erode; (c) supposed necessity, as the terrestrial warping was 
not known. 

Tn reply: living glaciers abrade but do not erode hard rocks, 
and both modern and extinct glaciers are known to have flowed 
over even loose moraines and gravels. Again, even though gla- 
ciers were capable of great plowing action, they did not affect 
the lake valleys, as the glaciation of the surface rocks shows 
the movement to have been at angles (from 15° to 90°) to the 
trend of the vertical escarpments against which the movement 
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occurred. Also the vertical faces of the escarpments are not 
smoothed off as are the faces of the Alpine valleys, down which 
the glaciers have passed. Lastly, the warping of the earth’s 
surface in the lake region, since the beach episode, after the 
deposit of the drift proper, is nearly enough to account for all 
rocky barriers which obstruct the old valley and form lake 


basins. 


ESTABLISHMENT AND DISMEMBERMENT OF LAKE WARREN. 


This is the first chapter in the history of the Great lakes 
and is subsequent to the deposit of the upper boulder clay, and 
therefore the lakes are all very new in point of geological time. 
By the warping movements of the earth’s crust, as shown in the 
beaches—after the deposit of the later boulder clay—the lake 
region was reduced to sea level and there were no Canadian 
highlands northward of the Great lakes. During the subsequent 
elevations of the continent beaches were made around the rising 
islands. . . With the rising of the continent, Lake (or per- 
haps Gulf of ) Warren—a name given to the sheet of water cov- 
ering the basin of all the great lakes—was formed. A succes- 
sion of beaches of this lake have been worked out in Canada, 
and from Lake Michigan to New York, extending over many 
hundreds—almost thousands—of miles. Everywhere the dif- 
ferential uplift has increased from almost zero about the west- 
ern end of the Erie basin, to three, five, and, in the higher 
beaches, more feet per mile. With the successive elevations of 
the land this lake became dismembered, as described in succeed- 
ing papers—and the present lakes had their birth, . . . 


DISCOVERY OF THE OUTLET OF HURON-MICHIGAN-SUPERIOR LAKE 
INTO ONTARIO, BY THE TRENT VALLEY. 


With the continental elevation described in the last paper— 
owing to the land rising more rapidly to the northeast—Lake 
Warren became dismembered and Huron, Michigan, and Su- 
perior formed one lake; the Erie basin was lifted out of the bed 
of Lake Warren and became drained, and Ontario remained a 
lake at a lower level. The outlet of the upper lake was south- 
east of Georgian bay by way of the Trent valley into Lake 
Ontario, at about sixty miles west of the present outlet of this 
lake. The outlet of this upper lake was twenty-six feet deep 
where it connected with the Trent valley, and the channel was 
from one to two miles wide. This, for a few miles, is eut across 
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a drift ridge to a depth of 500 feet. With the continued con- 
tinental uplift to the northeast (which has raised the old beach 
at the outlet, into the Trent valley, about 300 feet above the 
present surface of Lake Huron), the waters were backed south- 
ward and overflowed into Erie basin, thus making the Erie out: 
let of the upper lakes to be of recent date. This is proven by 
the fact that the beach, which marked the old surface plain of 
the upper great lake, descends to the present water level at the 
southern end of Lake Huron. 


ERI THE YOUNGEST OF ALL THE GREAT LAKES. 


The Erie basin is very shallow, and upon the dismember- 
ment of Lake Warren was drained by the newly constructed 
Niagara river (except perhaps a small lakelet southeast of 
Long point.) Subsequently the northeastward warping (very 
much less in amount than farther northward at the Trent out- 
let) eventually lifted up a rocky barrier and formed Erie into 
a lake in recent times, thus making Erie the youngest of all the 
lakes. The beaches about Cleveland are not those of separated 
Lake Erie, but belong to the older and original Lake Warren. 


Note.—To distinguish from the modern, the ancient valley 
of the St. Lawrence, above described, is named the ‘ Lauren- 
tian’; the ancient river from the Erie basin, the Erigan; the 
Huron-Michigan-Superior lake, the Algonquin, as also the 
beach which marked its shores, and the river which discharged 
its waters by the Trent valley. The expanded, but separate, 
Lake Ontario is named the Iroquois, as also its principal beach, 
now at 116 feet above its modern surface, at the extreme west- 
ern end of the lake, while at about 135 miles northeastward 
(near Trenton) its elevation is 386 feet. 
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APP TN Diy Une 
ON THE DISCOVERY OF NIAGARA FALLS AND THE NAME. 


ON THE DISCOVERY. 


CARTIER. * the discovery of the northern continent 
by Cabot in 1497, it is said that French fishing vessels visited 
the Banks of New foundland, but concealed the knowledge of 
their hunting ground, so that not until the voyages of Jac “ques 
Cartier, in 1534 and 1535, were the Gulf and River St. Law- 
rence discovered. On October 3, 1535, Cartier ascended 
Mount Royal (at Montreal), and from there he saw the 
impetuous Lachine rapids, with a smoother stretch of the great 
river of Canada (St. Lawrence) extending far above. He was 
also shown another river (Ottawa) coming from the west. The 
guides indicated three rapids above the Lachine, beyond which 
one could navigate westward for three months without obstrue- 
tions.* Accordingly Cartier was the first European to dis- 
cover the beginning of the route to Niagara. 

Cuampiatn.—The Lachine rapids were not again visited 
until Champlain reached them in 1603. These he tried to 
ascend, but failed. Tlowever, he inquired of the Indians about 
the head of the ‘Great River of Canada,’ Their accounts are 
given in ‘ Histoire de Nouvelle France’ by Mare Lescarbot, 
published in 1609, and were taken from Champlain’s ‘Des 
Sauvages’ (1604). These descriptions closely agree, and 
two of them, taken from an original copy of his Carbot (pp. 
381-384), may together be briefly repe ed A third account, 
by other Indians, gives more details as to the St. Lawrence, 
differs somewhat in distances, and refers to the Thousand 
Islands. 

After passing the Lachine rapids, at Montreal, which they 
could see, at a distance of two or three leagues, there is a river 
leading to the Algoumequin country (this reference is to the 
Ottawa river). Continuing up the river, they pass five rapids 
in a distance of eight or nine leagues, where each rapid ie a 


** Jacques Cartier and His Four Voyages to Canada.’ By Hiram 3B. 
Stephens. Montreal, p. 66. 


+See Quebec edition (1870), Vol. Il., and “Champlain not Cartier’? by 
Peter A. Porter, Niagara Falls, 1899. 
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quarter of a league. The rapids are most difficult to pass. 
Then they enter a river which is like a lake, fifteen leagues 
long according to one, and six or seven as given by the other 
account. (These are the rapids between the expanded por- 
tions of the St. Lawrence, forming Lakes St. Louis and St. 
Francis.) Beyond, they pass five other rapids in a distance of 
twenty or twenty-five leagues, above which they enter a ‘ very 
great lake,’ 150 leagues in length according to one, and 300 
leagues according to the other. At the end of this great lake 
(Ontario) are other falls, a league in breadth, descending with 
a very great current of water into the lake. Passing these falls, 
and having to carry their canoes, they enter another great lake, 
where they see no land on either side, as the lake is as large as 
the first. At the end of this second lake there is a sea, but 
beyond this second lake they have not been. 

In this combined narrative is a very clear account of Lake 
Ontario, where they also mention what is now called the Trent 
river and Bay of Quinté, down which the Algoumequins came 
to war with the Iriquois, who descended other rivers on the 
south side of Lake Ontario. Here is the first reference to Lake 
Erie, which is clearly set forth, and also to the Niagara 
river and the great Falls mentioned—with even an estimate of 
their breadth. But all these distances are largely divisible. 
The location of Niagara river some forty miles out of position 
is here only an error of detail. Such a clear account of neces- 
sity largely by diagram obtained from the Indians, who spoke 
a tongue that could not have been very well understood, 
is most remarkable; and had the book been published at a 
later date, one might have doubted the antiquity of the narra- 
tive. This first announcement, to the world of the existence 
of the celebrated Falls, must be credited to Champlain, al- 
though he never saw them, even in his later travels. 

Traders and missionaries were in the region of Niagara as 
early as 1626 (perhaps Brulé in 1611); but they have left no 
account of the Falls. On Champlain’s map of 1632 (of which 
I have seen an original copy) Lake Erie is represented rather 
as a strait or expanded river, with islands non-existent, or 
exaggerated, connecting the ‘ Fresh water sea of the Hurons’ 
(Lake Huron) with the end of Lake Ontario, where Champlain 
locates the great falls. In the explanatory note (No. 90) in 
the volume he says: ‘ Sault d’eau au bout du Sault Saint-Louis 
fort haut, ot plusieurs sortes du poissons descendans s’estour- 


dissent.’ Translated—“A very high fall of water, at the end 
30 
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of the rapids of St. Louis, where many kind, of fish in descend- 
ing, are stunned. (Lac St. Louis is the same as Lake Ontario). 
C hamplain’s map is inferior to Indians’ account of Lake Erie, 
given a quarter of a century before, and shows no advance in 
the knowledge of Niagara falls. 


LALEMENT AND RaGuEnEAu.—In 1641, Father Lalement 
came from the Ste. Marie mission, in the Huron country, seem- 
ingly across the peninsula of southwestern Ontario, into the 
country of the ‘ Neutral Nation,’ and thence ‘ four days going 
to the entrance of the so celebrated river of that nation, into 
the Ontario or Lake St. Louys.’ ‘The stream or river is that 
through which our Great Lake of the Hurons, a fresh-water 
sea, empties; it flows first into the Lake of Erie, or of the 
Nation of the Cat, and at the end of the lake, it enters into the 
territory of the Neutral Nation, and takes the name of On- 
guaahra, until it enters into Ontario.’* 

‘In 1648, Father Ragueneau wrote: ‘Almost due south 
from the country of the Neutral Nation we find a great lake 
200 leagues in circumference called Erié. It is formed by the 
discharge of the fresh water sea (that is, Lake Huron) and 
throws itself over a waterfall of dreadful height into a third 
lake named Ontario.’+ 

While these accounts more fully describe Lake Erie and 
correctly locate the Niagara river, they add no information as 
to the character of the falls, beyond that narrated by the In- 
dians to Champlain, although one gives the name of the river 
and the other mentions the falls. Who was the first European 
to see the falls will never be known, as he was probably among 
the courewrs de bois, or perhaps some missionary, who did not 
leave a written record. But he or they had made them known as 
‘so celebrated’ when Lalement visited the river, and later, Rague- 
neau the falls, the names of whom thus become the pioneers 
them among the visitors to the region. The hostile Iroquois had 
turned the tide of early exploration from this region, and sent 
it to Lake Huron and beyond, by another route, before Lake 
Erie was known except by report. 

La Satin, accompanied by Dollier de Casson and René de 
Gallinée, was in this region in 1669. Gallinée speaks of 
passing near the mouth of Niagara river and hearing the roar 
of the falls. On his map of 1670, he says that the falls 


* Jesuit Relations. 1641, Thwaite’s edition, pp. 191, 193. 


ae Ib. 1648, (French and English edition, by Reuben Gold Thwaites, 1988), 
Dp. 


}O. H. Marshall’s writings, p. 219, where he cites Galinée’s Journal. 
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descend, according to the report of the Indians, more than the 
height of 200 feet.* Another map, unnamed, was made three 
or four years later, on which Niagara is described as ‘ Chute 
haute de 120 toises par ot le lac Erié tombe dans le lac Fron- 
tenac’ (Ontario).+ Thus, the estimated breadth and height 
of Niagara falls were mentioned before the visit of La Salle 
and Hennepin in 1678. 

Hennepin’s celebrated visit was soon followed by a glimpse 
of the cataract by La Houtan in 1688 (who assigned a height 
of 800 feet to them). 

CuarLevorxt was the first careful observer who visited the 
falls (in 1721). He estimates the crest line at 400 paces. 
He says that exactly in the middle, the cataract was divided in 
two, by a very narrow island half a mile long, which comes to 
a point, but that the two falls soon reunite. He tried to 
measure their height, and gives it at 140 feet (French). He 
said that the one falls had several points which jutted out, but 
that the other appeared very smooth. At that time the cross- 
fall of Hennepin had disappeared. The narrowness of the 
end of the island was confirmed by Kalm in 1750, and by 
Pierie’s picture in 1768. i 

Cavaenac, the son of the Governor General of Canada, 
was here in 1722, and gives the height of the falls at 26 
fathoms (166 English feet). 

The fuller account of Kalm (1750) is reprinted in Appen- 
dix: I. 


This short account covers most of our information, regarding 
the great Falls of Niagara, which was handed down during 
more than a century after they were first mentioned by Cham- 
plain. | 


ORIGIN OF THE NAME NIAGARA. 


Lalement tells us that the name given to the river, by the 
people through whose territory it flowed, was Onguaahra, but 
he gives no meaning. In the Mohawk language the name 
Oneagerah-Onyara as given by one, and Oh-nya-ga-ra by 


* Parkman’s La Salle. Notes at end of volume. 

+ Parkman also mentions the second man. 

+‘ Voyage to North America,’ by Charlevoix. Dublin Edition, 1766, p. 206. 
304 
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another,} meaning the ‘neck,’ in allusion to the river cutting 
off the Niagara peninsula between the two lakes. The Seneca 
Indians called them Nya-geah. The Iroquois called it O-ny-a- 
ka-ra, and also Oienkwara, which last meant tobacco smoke. 
On Sanson’s map (1656) the name is given as Ongiara. They 
are also given as Unghiara. Hennepin gives the spelling 
Niagara in the map of 1683, accompanying his volume on 
Louisiana. In 1686, the form Oneigra was given in a docu- 
ment. On Ooronelli’s map of 1688 the word Niagara is used. 
In 1701, the Senecas deeded to the English a tract of land, 
‘including likewise the Great Falls of Okinagaro,’ and in the 
treaty of 1726, the word used is Oniagara. The Indians 
pronounced the word Nee-aug-ara. In the latter part of the 
Highteenth Century it was given as Niagara, and in the early 
Nineteenth Century it appeared as Niagara. 


P.S.—This appendix should have been placed as the first 
article of Appendix I, but it was only prepared while the work 
was awaiting the press, and the page references in index could 
not be disarranged. 


+See O. H. Marshall, for many forms of the word; also ‘ Brief History 
of Old Fort Niagara,’ by Peter A. Porter. Niagara Falls, 1896. 
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